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ferred to shipping containers based on each customer order.
In some embodiments, horizontal aisle conveyors (HACs)
move totes from a configurator along the aisles to the
moving PAVs, then back after tote loading by the picker.
Totes are transferred from the HACs to upward VTCs, then
crossover to downward VTCs, are loaded with stock items
by the picker on upward or downward paths, and then
transferred back to the HACs to move to shipping station.

20 Claims, 29 Drawing Sheets

(51) Int. CL
GO5B 19/418 (2006.01)
G06Q 10/08 (2012.01)
B65G 1/04 (2006.01)
GO5D 1/02 (2020.01)
GO5D 1/00 (2006.01)
B257 5/00 (2006.01)
B257 5/02 (2006.01)
(52) US.CL
CPC ......... B65G 1/0492 (2013.01); B65G 1/1373

(2013.01); B65G 1/1375 (2013.01); B65G
1/1376 (2013.01); B65G 1/1378 (2013.01);
GO5B 19/41895 (2013.01); GOSD 1/0016
(2013.01); GO5SD 1/0212 (2013.01); GO5D
1/0225 (2013.01); GO6Q 10/087 (2013.01);
GO5D 2201/0216 (2013.01)

8,403,614 B2 3/2013 Bastian, II et al.
8,483,869 B2 7/2013 Wurman et al.
8,538,692 B2 9/2013 Wurman et al.
8,649,899 B2 2/2014 Wurman et al.
8,798,786 B2 8/2014 Wurman et al.
8,805,573 B2 8/2014 Brunner et al.
8,831,984 B2 9/2014 Hoffman et al.
8,965,562 Bl 2/2015 Wurman et al.
8,972,045 Bl 3/2015 Mountz et al.
9,009,072 B2 4/2015 Mountz et al.
9,120,622 B1* 9/2015 Elazary ........c........ B25J 19/023
9,330,373 B2 5/2016 Mountz et al.
9,519,882 B2  12/2016 Galluzzo et al.
9,550,624 B2* 1/2017 Khodl .....cccovevrvirnnnnn B25J 5/007
9,592,961 B2 3/2017 Weiss
9,604,782 B2 3/2017 Winkler
10,562,705 B2 2/2020 Pankratov et al.
2002/0021954 Al 2/2002 Winkler
2005/0043850 Al 2/2005 Stevens et al.
2006/0045727 Al 3/2006 Jungbluth
2008/0181753 Al* 7/2008 Bastian ................ B65G 1/1375
414/277
2010/0218131 Al 8/2010 Holm-Petersen et al.
2011/0058926 Al 3/2011 Winkler
2011/0238207 Al1* 9/2011 Bastian, IT ............. B65G 61/00
700/217
2014/0288696 Al* 9/2014 Lert ...ccccooevrrnen. B65G 1/0492
700/216
2015/0032252 Al* 1/2015 Galluzzo .........c....... B25J9/162
700/218
2015/0060199 Al* 3/2015 Overfield ................ B66F 11/04
182/69.4
2016/0042315 Al 2/2016 Field-Darragh et al.
2017/0129133 Al* 5/2017 Bolivar ................... B28B 1/001
2017/0137271 Al* 5/2017 Shugen .......cceoc..e. B65G 1/04
2020/0207546 Al* 7/2020 Borders B65G 1/0492

FOREIGN PATENT DOCUMENTS

JP _2001_261126 A 9/2001
WO WO_2008091733 A2 7/2008
WO WO _2012156855 A1  11/2012
WO WO0_2014011459 1/2014

(56) References Cited
U.S. PATENT DOCUMENTS

4,007,843 A * 2/1977 Lubbers ............. B65G 1/0414
414/273

4,043,463 A * 81977 Hansen ............. B65G 1/02
414/283

4,618,031 A * 10/1986 Belloche .............. B65G 1/0407

186/52

4,690,606 A *  9/1987 ROSS .cooceoveerinirenn B64F 1/32
414/495

5,364,220 A 11/1994 Killinger

7,402,018 B2 7/2008 Mountz et al.

7,686,171 Bl 3/2010 Shakes et al.

7,826,919 B2  11/2010 D’Andrea et al.

7,850,413 B2  12/2010 Fontana

7,873,469 B2 1/2011 D’Andrea et al.

7,894,932 B2 2/2011 Mountz et al.

7,894,933 B2 2/2011 Mountz et al.

7,912,574 B2 3/2011 Wurman et al.

7,920,962 B2 4/2011 D’Andrea et al.

8,220,710 B2 7/2012 Hoffman et al.

8,239,291 B2 8/2012 Hoffman et al.

8,311,902 B2  11/2012 Mountz et al.

OTHER PUBLICATIONS

“PCT International Preliminary Report on Patentability (Chapter II)
for parent PCT/US2017/055667 application, dated Jan. 28, 2019, 87
pages.”

Canadian Patent Examiner, “Office Action for related Canadian
Patent Application No. 3,039,049, dated May 7, 2020, 6 pages.”
EPO Patent Examiner, “Supplementary Search Report and Opinion
for related Application EP 17859301.8 (published as EP3523227),
dated May 27, 2020, 13 pages.”

Singaporean Patent Examiner, “Search Report / Written Opinion for
related Singaporean Patent Application No. 11201902877X, dated
Sep. 22, 2020, 11 pages. (Cited references previously submitted.)”.

* cited by examiner



U.S. Patent

FIG. 1C

Oct. 12, 2021

Sheet 1 of 29

US 11,142,399 B2

a1,

f v\l
z s | 7 : M /& = ff/
/f % = /f/ j ) /
a5
S S
B e £ o ;é,z 1 ‘
= = =

N
\\\\
\ e

\\\\t

oS
oo \\\ 3
"~
R
\'\.
2N

0
85

-
125

0

Bh

|
il

NN\
.\N'

122 |}

.-f /‘//-"
%
/
A
<
/
-, o

© Z126 \120’ Z126’()

110

————————‘-’-J\

O

A o o T o o o oy

TS

\\}:\ :
\

\
PR N
|
[<»/

N
N

o | I -128'% A
<< F Il el
nhdl | O v
S &

@ 1ZOJ 113t




US 11,142,399 B2

Sheet 2 of 29

Oct. 12, 2021

U.S. Patent

A.-I.llllll.ll.ll.lll’

SSSIIIIIIIIIZSNN g

O e~ O 04l 0zh~_ O

DD TR N
MWLz 1L

o, \ " .f/_..
R 3 SR
A AN /,/ SRR AR
afr <
..... S\ ,
R
O ,,./f,f//./
)
o o
S
/./

AR,

ﬁfﬁ‘JlllM,

LCl YA}

14

R ———

el

6C1

dl ‘OlId



US 11,142,399 B2

Sheet 3 of 29

Oct. 12, 2021

U.S. Patent

|

w2t ow! oW
S & 6

I WA;N H¥3TIOHINOD

Slals

)74 /]

SRR T

-002 A (I
YN YRR YIN YN

ey

002+

00z Ul

TOERE

= 0=

RERERRERRERAIN YRR R RN RRRER RN AR EIND
=lals

‘ 1 ? Tl !
« : 052 052
&M 25z T, oo A 052 5z bse 152 002 152

Eal=

r

~
'
~

27 44 g7 ‘ord 10¢ VZ ‘DI




US 11,142,399 B2

Sheet 4 of 29

Oct. 12, 2021

U.S. Patent

10€

£ DI




US 11,142,399 B2

Sheet S of 29

Oct. 123 2021

U.S. Patent

400

AR

s,

L

FIG. 4



U.S. Patent Oct. 12,2021

521

Sheet 6 of 29

SCHEDULER |/ %%2

US 11,142,399 B2

S

—

SLARRS R CLER

A RN

Sy T

Y

SR AW

S5

¥

Tt

sy 0 T
DR Y T

ey PRy

ST

AR i

R AN S R O O

ey e £ aviyvgne avgpee

SRR

R RRRTIRNRINIRRRAY

AT R

X
\&Q&i@&mﬁ\\\\\\& i\\«\\-\ e

¥ ¥ o
o Ny R R A o
B T CEC RN RN ooy

SRR

ez R e Reres

et SNALCRY

‘ \\Q\&\:m v § \\\“ﬁ oy g

55ESESS§EES§SS§EES§§§S§S§ESS!\_

3 3
% Anedead

oy
N

rovaanond

3

Ty
RNy e
3

Tacanns

R TR A S
S TR Y

RN

i s N

3 i

NN

RTRRER

SRR S S

T T
A R A

13

R PR YRt SRR AR S

RIS

Aead B

AR RN

SRR W ey

T

o

RN R IRIR R A

“\“Y%“ i‘\‘«\q-

PN
S

SRR

SR SR AR IR

SRSEN AN




US 11,142,399 B2

Sheet 7 of 29

Oct. 12, 2021

U.S. Patent

ONISSIN0Yd SANOD3S 06 AYIAT SILOL Z) 40 WOANYY S139 1HIAIQ HOVA
TYNOLLIAAY ¥04 4001 NdL Q4L = LNdNI 431408
MALNOS OL A3LN0Y > "H1NOS ONIAYIH TV ‘SANIMYILNID D14103dS NO
TUY %S5 WALSAS LIX3 SLYIAIC HLIM ¥3LHOS T1SIV-91 HILHOS
0795 | S3LOL 40 %S XOYddY 0eS )
ONId¥O13101 M_E%Dw>m_w__m _w<9
K%_%ﬁwﬂ%ﬁwg 3101 ALANT TYANYW | 209
Y 404 INIOd LdNYY3INI W
a3no07g 9195 |
S| INYIYLSNMOA 3SYD '
NI 0414 ¥344n8 1Nd1NO
NO¥4 SILOL ONIAYOTINN
<] ¥04 INIOd LdNYYILNI S310L
hc9 Odid HSINITdIU/MO01$3Y
d344N49 3L0L XOOLSIH ANV S3LOL 909
ALdNZ HO4 1830 W
619 iy
NOILOINNOD WILSAS 0 _\/_Ew% 0
HOAIANOD-ILOL IdAL HOAIANOO-310L
dnds INdin0 3101 - 00OMO8 LY ¥3H10 HOV3 3dAL-00MOE NOY Wmoo
P dOL ¥IAO IHY SHOAIANOD dNdS LNdNI101L
229 1NdLNO GNY LNdNI 3101
0€9
00 yu V9 ‘OIA




US 11,142,399 B2

Sheet 8 of 29

Oct. 12, 2021

U.S. Patent

:g“

SNOILOFHIT 3LISOddO
NI ONINNNY HOVH
SH3AVTICNO S3L0LY
40 SMOY OM1 ONIQT0H
HOAIANOD d37110d
ONLLYTNINNOJY SVYH Avd

v

WY3HLSNMOA ON1S
JHL ONIYYI4SNYHL ANV
§3101 40 ONTS ¥X¢ IHL
ONILdIOIV SHOAIANOD
1138 3dI1S-Ag8-3dIS SIS1

v

714 I1ONIS
OLINI GaNIgGNOD FdY
¥ 40 SONTS OML IHL

v

_:#o.w

ANVTIIONIS VY OL
S1NdNI 91 711V INIGWOD

¢09 \1

(13A37 ¥3amo) LNdNI

AA%)

R

"SNOILO3HIA
3LISOddO NI ONINNNY
SHOAIANOD 40
SHIAVTOML 'S3LO0LY
40 SMOY OML ONITTOH
HOAIANOD ¥37170d
ONILYINANOJY SYH Avd

9

SNOILO3NIA
J1ISOddO NI ONINNNY

YIHLO HOVA H3AO FdY
SHOAIANOD OML ISIHL

0¥9

i

Avd 01 9N71S
JHL ONIYYIASNYHL ANY
S3101 40 DNTS ¥XZ IHL
ONILdIOIY SHOAIANOD
1139 3dIS-A8-3dIS SI S1

SLOINO OISV SY
SFTLLNHS 11 ‘a31v3d0
SI XIHLVYIN #X¢ J0NO

L9

XIdLYIN
YXZ ¥V NI 8 40 30N3ND3S
03NNY1d YV OLINI

(3.140S-34 38 LSNIN
§4101 840 13SVOL
ONLLYTNWNJOV S3101
(30N3ND3S WOANVY

SY3IAINEA LH3AIA HOVS

Zr9
=14
=
-

o
Lil
[a
Q.
=}
|
=
[a
b
=2
o
q9 ‘DIA



US 11,142,399 B2

Sheet 9 of 29

Oct. 12, 2021

U.S. Patent

ooz S

€L

47

17

Gel L OIAd



U.S. Patent Oct. 12,2021 Sheet 10 of 29 US 11,142,399 B2

TR
i" /;fny -

!
]
]
1
;1
) lc'o:
: 15}
) N
— ! 1
R g 1
LY Ly
U4



US 11,142,399 B2

Sheet 11 of 29

Oct. 12, 2021

U.S. Patent

E% § 2O

e s

TUURRCHR § 43

| -

S V4|
i ]
0sz ==\ || | Tjox

~

1
[}
v

2N
\,
N
R 3
.-fm

—
[ ]
(o3
RESRA RSN
X

i 4
% -

V6 DI



US 11,142,399 B2

Sheet 12 of 29

Oct. 12, 2021

U.S. Patent

,,,,,,,

.3&

0cl

L6

816

EV6 <t

96 ,
G164 N

W FEER

9¢6

16
916 916

_\/_m%g

: 056

06 "DIA

L16

606 Gt

P AR S EY

NP

\




US 11,142,399 B2

Sheet 13 of 29

Oct. 12, 2021

U.S. Patent

056
A
V16 yi 5\
016
S
\
26 o N SR

256
ARy ] //
096 N .

[T Y] \ﬂ .\\ S o
eoe S w\\ —~ 6 : A
YITIONLINOD ) oo M 3
€26 &w . 2v6
166 €26
[ Mf/
4 ‘B as "1
%06 \ \
. 876
116 6163 aE L6 116
96—y -t o 96
oéunuunnnunnuu” & 026
vy




US 11,142,399 B2

Sheet 14 of 29

056

Oct. 12, 2021

U.S. Patent

YITIONINOD N NS AN

&

H6 "OIA

505

L6

L16

Ov6
816 G16

o S > @ Esnas @il

s o 2 o o o s o 55 AN

086

Y




US 11,142,399 B2

Sheet 15 of 29

Oct. 12, 2021

U.S. Patent

01 "OId



US 11,142,399 B2

Sheet 16 of 29

Oct. 12, 2021

U.S. Patent

3 an gy DA PEEIT
g Y2
OB : - W{ e

ad aszrEi
:.._...I\.\\X.:. i

acrmaT - R o e e

> %W)RU\\\\\.Q\\. * ” - ) e P . . ” o
% ‘ . _ e v0L

o i

7 e

R

et

oo:\q

1011

IT "OId



US 11,142,399 B2

Sheet 17 of 29

Oct. 12, 2021

U.S. Patent

VA

Y %
mONF A
\w.wm\\\\\ \\nmx\\wnu\\\“n\\\\n\\\\ A
&
\\\\w\\\\\w\m\\\% T
\\\MM\\\\\\‘W\\\Q 7 4 \\W\N\\M\xxw
7 Y
K i
\\x\t\\\\wxx\\ )

c0cl

Koo

RONIRN

D

RIS

4

AR

&

4‘&‘\
o

& W
SN

SRR

3 \\‘.
R

R
SRR

X
X

e
§
R
\
N X

R

. A 1021 .
.\v cl "DIA



U.S. Patent Oct. 12,2021

e

A\
\

SO

Sheet 18 of 29

US 11,142,399 B2



U.S. Patent Oct. 12,2021 Sheet 19 of 29 US 11,142,399 B2

-y
’ -y
A
AN
= LY
ﬁ \\ co\\
BN (\\
NS %2\
\ \‘
\ ‘7
Y
‘Q.,"’I

$

3

\\\s 82 \\\\\\\\\\\\\\\

FIG. 14

704
\"" ¥



US 11,142,399 B2

Sheet 20 of 29

Oct. 12, 2021

U.S. Patent

GOS1
\,
0991
-«
06§61 00+
1061
\,
Li—'ST DI
2061 £051 )» a) 2081
0051




U.S. Patent Oct. 12, 2021 Sheet 21 of 29 US 11,142,399 B2

(7]
2
B <= FLTTTTTLTTS f O TT LTI ST TS IS
=0 O LA SRS R RE R AR AR R RS R AR A AN
f’ 9( ?j:) (u-j CLTLTTETTLL G VI LTETSETTI SIS IITS
& |c= @ P P Phd P DI I ) =
1D =Z w0 2
© o<
— < — |
=i
w
5 o
! % FTTELLTTTTL D AT TIEITIITISITTIFSL,
w5 RS RASA T BARASANRSS A AN
~ 5 PILFLITITID G IIITIFITETIITISITIS,
Ju EX) e 1 1l 1 L L Vb IEBm
N Jut o =
E > q-. i .I..I__Iktill\‘
- O™ — "“igi‘tl' | —
= —1 Eiﬂl
[72]
.8 I I e e
<< Z YETLLTTIIIL, & WIT IS ITIITTIIILIIIS,
“O O AU S5 OO
prd &J) CEATTETTELL G FEELTELTLTEELITTTE
Jig X7
e b=
5 -~
) %
~ o ™ < 0 o P ©
© © < O [t © © 0
— S S 17} o 7 © © 17}
mo o = R R = A A ~
©S QR <
=
2 I I e e e e -
E o CFTETTITLTTL: B FITIITITIITTI I TIIISS 3
< O OODODDN B AADOOODROOOOO ©
f’ c'T) % EEETSTIIIILSG FTTIITIETISIIITIIS,
S
= = P P WVad D VB VBN B
-~ °l o>
p O ~ O BV 5 & =
L < <t < < < < < <t Z !
O © © © © 2] O © o
~— ~ ~— O ~ — ~— ~ o oo ) EenaE
(e o] — O 0 T
© — O % % < ge %
Al T2 O o N /
- O QO T
— © o N
— D O
f «— O
=
<C
S
= >
< e 1]
A=) X Ji J
™~ = & o =
. < O e @
QD © © © ©
=



U.S. Patent Oct. 12, 2021 Sheet 22 of 29 US 11,142,399 B2

1685

I > e e I

L S Sl e S S i S S
FFTFTTTTTER Y FTTITTTTTFTTITFFTS

| 143

P P P

< 1618
A COMPLETE
14.19 SECONDS

o
o
<©
—

THTTIITIIIS @WIJIIIIIIIIIIIIIIJ

B S S T e R e i e e N e e S Y
FIFTTTTITTR Y "TITTTTTTTTITI ST IFS

{J1617

10.77 SECONDS

o
o0
(<o}
oot

o
© i
=] x« I e 1 - e e e
g P & % CELTETIETTTL B TS ITETITITTITIS
\’ g OO [SSA SRR L AR SRR NSNS AN
D = &_;) YELLTTTETTTID G FHTITITT LTSI ELILIS
<+ W P D U D DI DI P
m ~ ) |sxan
®) n
f
=2 o

w
[>o]
O
D wd
[T [an] -
5|-S38
2lz38 ey ] ) ] ]
\b W ¢ O TSV TIEEA BT TSI
>0 A R N Y
CE> [ (u;; FFAATTTTTTTs Y FTETSTTITS TS TITTTS
=23 1 A1 1 m
— ; e
[an]

ﬁ"
b

‘J 1614
‘C"MOVE 7/
AXFR /ALOAD
6.90 SECONDS

Lt A A A e B e hu b A b e N
VXTI L G FATTETEETTTEETTEES

TS TTITIFIITA é’(f]lllllflll’llllﬂ

<
(o)
O
—

FIG. 16B
16008 g



U.S. Patent Oct. 12,2021 Sheet 23 of 29 US 11,142,399 B2

w 7 =
w A L= =
’.—
QW (ZD VELSILTIISE, § I ST I STITI ST IS TITSS.
Il F0 ISR ASAT RARASRARARRARN
\,l = TETLLLTLLTLE SLTLLTLSLLTILTILTS
83 DR DR U DEEN DR PN J—
— LA ==
m il
AN L0
S
A
@ =
2 I 1= I e
N
[} —
Sl < CZ> TLLLIITILTS B AT T LI LIS LTSI LIS TS
~ 1 OO0 SRR EA A S A S SRS A
%, = FILTILTILIS G IS IS ELIISIS LIS SIS
5@ PR DR V- D O D Ve e
~ e ] S
w_ o LS
_ 3
©
~
97, =
— - & =
Sjo = ——
212 L0 FISLTITLTIE R AT AL TS TSI TS TS TIFIS,
DRSO OO 2 AT
) 8 o4 CHLTLTLLTTL G ALTLSTLLLTT LT ILLLS
- = © 1 1l 1 1 L [ =
— Py
< = - O—
hae ] LI re—"
e (K1 |
S Rt
L

< 7
© 2 e I
aod CEETATITEET 3T TTEETTTETIETTETT,
B =3 AR B OO
05 1 1l 1o 1o | k=
: i wanni § S e
o [T =

i o T=s
ol B2 I I N = e e
P =0 ST STTLTITTA o VIT SIS TTT LTS TIITS
e — Q b S L B e R N S RS R NS A
d i —
<=

1685

FIG. 16C
1600C



U.S. Patent

LA
i
[

« 1628
C COMPLETE /

E XFR
26.19 SECONDS

pupn
[1}1]

{J 1627

GLOAD/E

UNLOAD /B LOAD
25.06 SECONDS

{/ 1626
D & E 4-SLOT

MOVE /B XFR
24.06 SECONDS

< 1625
DLOAD/B
UNLOAD
22.48 SECONDS

‘J 1624
B & E 3-SLOT

MOVE
21.48 SECONDS

FIG. 16D
16000\

!i!Eiﬂiﬁii!ifidfdﬂiiﬂd'ilﬂl%;;l!i’EiFSi'idEiF;iEl'5l!ii!i!!i'id!iﬂii'idﬁlﬂd!i

VTSI

Oct. 12, 2021 Sheet 24 of 29

s
o
[{o]
-

P

XTSI @VIIIIIIIIIIIIIIIII ]

N b e e 1 e S i e P e B S R B
FETTTETTTIL. G FLTTFTTTTSTTTIIIIS

any =
[ an 2
AN

it S b R A A R A S B S ]
THSTTITTITS Y FITTTSTTTTFST TS ITIS

1 A

A FTTTTTITSSL %fllflfllfllfllflfﬂ

1 1 1=

o
<«
O
—

oy

[

¥ 4*4!
[
a3 1T 1T 1

AT 25 ARV

FFFTITSSSLSSSTIIII

P

o
=y 1 1 1

Jiii!ﬁli!iiﬁiiiii!iﬁliapiil5i5i5f5i5!5!5!5!5!5!5!5!5!5!5?5!5’

I

b i A R R i S B S
FITTTITITT S Y THTTTTSTTI TSI IS

;
I I
CL AL TTSLTLS AL IS TITLITSITISISS
[ i S T T R S R N S N
VETTTTTETIL S T TTTFLTTTTTTTSTIET,

US 11,142,399 B2

1672




U.S. Patent

w
o w M
(o]
=
eed
AN RS
= n
8o
3
&
< a
B 38
OO
= 1
=
DQO
mS
>
= a
s18. 8
Slpwd
Yo =
s 8
g
o
2 0
0P =2
Q<8
L2 H
e E_X7)
_IZ'\
LLIDI\_
X
(o5 oW
o
&_°§ %l
V2Eso
<r '®) tﬁé
OE®P
8~
SN
S
~ J
g
S =)

Oct. 12, 2021

5l5!5!ElEi5!5!E!El5!Ei4Eg;5l!2!5!Eil!!ElEliiﬁlﬁdﬁlﬁdiiﬁlﬂiﬁlﬂiﬂi

LEREEEY - ERCEECEECt s
TETITEIIIIIS G I IIETIIIIIITI TS
1o 1. 1 1 1=

p‘ lvt

%

Lo
o0
(S
-

AT ATTTTIL S TSI TTIIVITIITVIV
PR R AR O
AT LTITITLG FTATL LTSS S TT TS ISS

igﬂﬁ

o
(o]
<€
~—

Illlj
RARE
5!HEl5!Hﬂdﬂfﬁﬂiﬂiﬁiﬁﬂlﬁliﬂlﬁlﬁf
AR
CH TSN TTLEND. Y TLTLSLLTETTESS IS,
1 13 I 1 &

£ .} ;& -
iy —

Lo
(o]
©
~

k\\\\\ AR
EX T ITTNTE. G FTETTETETTITITT SIS,

-_w--_
§

FATTTLTITEL Y FITITTTTTTTTTITTITS

1 | I?‘i'ﬂ

o
[co]
«©w
~—

Sheet 25 of 29

US 11,142,399 B2

nﬁ

@

[

==

o

==
==




U.S. Patent Oct. 12,2021 Sheet 26 of 29 US 11,142,399 B2

w
o0
[{=]
Laed
(4]
ol 2 i) e B
o = l - T - - - -
o = J ‘E““ .:ﬁ:.
[N} (O.g mar AEnEn
Y]
[+ o)
[{e]
-
[ o~
O = T
51822 M IS I
- (D o [db] T TTTTTEE B TITETTETTTTTTRTETS
h -— O AR [ i T S S R SR N S Y
22g| SR P ¥ P D il
— c’:; fli]d
uw
[« o]
[{o]
—
[9p) -
212 Sm— S
o | I X ;m it
e UP o) 8 ikl YT HFTITTTTL B TFTTITTIRETT LTINS,
\’ ~r — L i M N N Y b M N M N B S N N By S
58 lgh ot b =
I-‘_ E g y i1l g#:
o
[ea)
[dw)
g—
W)
o == —1 1
o f— et
> <I.
L. pr—
£ SR DR D - DR i
< — 1 1
o | 8
>
[+ o]
< [aN]
~ S
<= B8 3 ~
-3
3l 2 —I T
< |
\’ o (@} [N AR AR
R O i - i
= =

<5
o
<>
~—

FIG. I6F
1600F



U.S. Patent

Sheet 27 of 29

Oct. 12, 2021

ra

[r—
-t
=)
P

FITFITFEIF, @"III!IIIIIIIIIIII”

P e Nt e S B B i N S N N e N N ]
TSI TE

FITITTITTTFLTITTIITS

1 1 L=

[r—
—
P—

1685

-
Tmm
3 —
- A

-

ST TT TSI @fllllllfllflf!fllﬁ

b i e Sl N e i e R N R Y
LTSS TTITF S G FITTTTTTTSTT ST

S—
ST T—

0O
o
(o]
-

—— I
¥ o B

AN S ORI
CI T AT T TLTTL. Y FETTITTSSSTLTTSISSS.

TETET

o
<O
[{o]
~—

-]l 58
o]l o=
-— 28
\b ES LLi
Qo

D ©
-
R
a

1 <5
= LU
\;%(IJ
O
o3
oD

<r

wn

= [
o =
Claw®
e
Lyl o
0Osw
RS
o o
g

%)

=N [T
2la=<8
WES D
32
o=~
<

~r

= A
Sl =
Cileow
<23
Lyjrouw
w=sw

[

o M~
a o2}
o

FIG. 16G

1600G [G]

FHTSIIITFS @ Y THTTIITSTITTIINS

AR 220 ORI
P TTETLTEETL G TEFTELTLTTELTTS ST

1| =

—
rom—
——

5t ]

Lo
(oo
«©w
—
[{o]
[co]
<©
o

I O N e

TSI S @ CH N LTINS INS

[t R A T N T i S S
LTI TPITD G TFIFTTISTIITITIINS

PEN P I ;D H I

o

w
(oo}
«w
~

US 11,142,399 B2




U.S. Patent Oct. 12,2021 Sheet 28 of 29 US 11,142,399 B2

0o
(oo
<O
ot

P PO [ e e e = e g g ) s
@ | g S ....! WAL LT LTI ETILEL 8 BT ILITIITTIIL [l.!;
~ (x) E LU LN N R N e AR
\’ E o g PFTETTITFTTFTITI R TSI
<= =t .. I L/ 1 | m
~r
O
[+ 0]
[{®]
-
w &8
L 9 = .
N [P I e e B — e e e
sl=Eo T T TTTI TTTT I CTDTTTT T I TS TT T
= = > % by S e e SN RS RN L5 o b S S B S NS Y
\’ 9 L o IIIIIIIIIIII‘ HIIIIIIIIIIIIII
7= L Imo
< 2 L
a
— e
ol o= L= " —
Q’ <c O — IIIIII-- |'l|
cl oo TILLTLLTTILLS S TITIET IS TTILTTS —— (1}
\’ ) £ .““ FHTTETETTTTLE TSI
w3 ....a 1. 1. 1= 1L 1w
© — !
< =

24 nnn
2l5 2 5 i —
[ mERRW
25,3 I Y I 1= I I
0w =0 T LTTLIITID B LI TIEITTIFIEIN
Y g = | @\\
<
(=}
(e
(e o
~ [y
Il w8 <
© - = .
N Lil
= L AR B OO
° 5
S2 PR DR ¥ v DU DI P = [ S
o — ¥
=3

9]
(o]
«w
Pt

FIG. 16H
1600H



U.S. Patent Oct. 12,2021

1700

} Blep

1733
1734

1730
N

17201732

FIG. 17

T NFETTETTTIITITE L ST ETVIITTFTIVS
AR

L S

Sheet 29 of 29

1735

Tl FETTLTS SIS S

A LAL LTSS S T

FIG. 161

AR
ATV EN A

o

ST FTS é’l’llllillllllﬂ

[T
o0
[{e]
-

w BT =
w5 Tl &
b2 T T

(9 ]
—
Sl Q ACDORDONORN
- C§D b L LLSILSLTTLSSS
for) RERK
W 3o DR DR D
(@] < T
(Y9
Lo
(o]
[{w]
-~
X €0
— =
Bl ad
- g S B
\-b 7] ERPTILLIIITLLSL.
- oo e
< 4°T
-
wH
[Xp)
(o)
O
~
w A
=¥ P4
O O =
<© = (@]
L
‘\~'. 553 E:E (e8]
[co]
L =
(o] :
T o3 |
|79 ]
[so]
o
el
| 28 Jm S
2|=3g| 11
T — 8 LSS ERARA S NN
\b S 9( ) PSS TEELTTELED,
TO2 Pl DI DB Yl
= o3
5v j' &
(oo
[— (o]
[} ~
S
D
—

i

US 11,142,399 B2

1738

o

1736
1737

pray
[nm—

—
anai {2 E | PR

o~
P~
@0
-

=

i
AR .
E= =

ayng
—
e !



US 11,142,399 B2

1
AUTOMATED WAREHOUSE FULFILLMENT
SYSTEM AND METHOD OF OPERATION

CROSS-REFERENCE TO RELATED
APPLICATION APPLICATIONS

This United States application is a national-phase filing
of, and claims priority benefit of, PCT Patent Application
No. PCT/US2017/055667, filed Oct. 6, 2017 by Robert D.
Ahmann, et al. and titled “Automated warehouse fulfillment
system and method of operation,” which claims priority
benefit, including under 35 U.S.C. § 119(e), of U.S. Provi-
sional Patent Application No. 62/405,219, filed Oct. 6, 2016
by Robert D. Ahmann, titled “Automated warehouse fulfill-
ment operations and system,” which is incorporated herein
by reference in its entirety.

FIELD OF THE INVENTION

This invention relates to the field of inventory movement,
and more specifically to a method and apparatus of moving
a human picker on an automatically guided vehicle (AGV)
along with a plurality of shipping containers to a successive
plurality of inventory stock bins to allow the human picker
to successively retrieve each of a plurality of stock items
from the stock bins and place the respective items in a
preselected one of the plurality of shipping containers based
on a customer order.

BACKGROUND OF THE INVENTION

Fulfillment of internet orders for goods by customers has
become a very important and cost-competitive business. For
a company to be profitable, it is important to fill the order
correctly, quickly and inexpensively. The prior art describes
the various problems and prior attempts to solve the problem
of filling the respective shipping container for each order
with the correct items. Several prior art schemes place a
human (this person is often called a “picker”) at a fixed
location and have robots move containers of source inven-
tory to the picker’s location in order that the picker may
select an item from its container and place the item in the
shipping container destined for a particular customer. There
are numerous problems with this goods-to-picker conven-
tional method. Several patents describe aspects of this
scheme.

U.S. Pat. No. 7,402,018 to Mountz et al. issued on Jul. 22,
2008 with the title “Inventory system with mobile drive unit
and inventory holder”, and is incorporated herein by refer-
ence. This patent describes a system for transporting inven-
tory that includes an inventory holder and a mobile drive
unit. The inventory holder includes a frame capable of
storing inventory items and a docking plate capable of
receiving a docking head from underneath. The mobile drive
unit includes a docking head capable of coupling to the
docking plate and a drive module capable of propelling the
mobile drive unit. The mobile drive unit is further capable to
move the inventory holder when the docking head is coupled
to the inventory holder.

U.S. Pat. No. 7,826,919 to D’ Andrea, et al. issued on Nov.
2, 2010 with the title “Method and system for transporting
inventory items”, and is incorporated herein by reference.
This patent describes includes an inventory holder, capable
of storing inventory items, and a mobile drive unit. The
mobile drive unit is capable of moving to a first point with
the inventory holder coupled to and/or supported by the
mobile drive unit. The mobile drive unit is additionally
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2

capable of determining a location of the inventory holder
and calculating a difference between the location of the
inventory holder and the first point. The mobile drive unit is
then capable of determining whether the difference is greater
than a predetermined tolerance. In response to determining
that the difference is greater than the predetermined toler-
ance, the mobile drive unit is also capable of moving to a
second point based on the location of the inventory holder,
docking with the inventory holder, and moving the mobile
drive unit and the inventory holder to the first point.

U.S. Pat. No. 7,850,413 to Fontana issued on Dec. 14,
2010 with the title “System and method for transporting
inventory items”, and is incorporated herein by reference.
This patent describes an apparatus for transporting inventory
items that includes a housing, a drive module, a docking
module, an elevating shaft, and a rotation module. The drive
module is capable of propelling the apparatus in at least a
first direction. The docking head is capable of coupling to or
supporting an inventory holder. The rotation module is
capable of inducing rotation in the housing relative to the
elevating shaft. The elevating shaft connects to the docking
head and is capable of raising the docking head when the
housing is rotated relative to the elevating shaft.

U.S. Pat. No. 7,873,469 to D’ Andrea, et al. issued on Jan.
18, 2011 with the title “System and method for managing
mobile drive units”, and is incorporated herein by reference.
This patent describes a method for moving a mobile drive
unit within a workspace includes receiving a path. The path
includes at least an initial segment and one or more addi-
tional segments. The initial segment includes a portion of the
path adjacent to the first point; and at least one of the
additional segments includes a portion of the path adjacent
to the second point. The method further includes storing the
path, reserving the initial segment of the path, and moving
away from the first point along the initial segment. After
initiating movement along the initial segment, the method
includes reserving each of the additional segments of the
path and moving toward the second point along each of the
additional segments while that segment is reserved.

U.S. Pat. Nos. 7,894,932 and 7,894,933 to Mountz, et al.
issued on Feb. 22, 2011 with the titles “Method and system
for replenishing inventory items” and “Method and system
for retrieving inventory items”, and are incorporated herein
by reference. These patents describe a method for storing
inventory items in an inventory system that includes receiv-
ing a replenish request identifying an inventory item to be
stored in an inventory system and determining a classifica-
tion of the inventory item to be stored. The method also
includes selecting an inventory holder from a plurality of
inventory holders based, at least in part, on the classification
of the inventory item to be stored and a classification of one
or more other inventory items currently stored in the
selected inventory holder. Additionally, the method includes
transmitting information identifying the selected inventory
holder to a mobile drive unit. The patents also describe
receiving a retrieval request that identifies an inventory item
and selecting, from a plurality of inventory stations, an
inventory station to fulfill an order associated with the
retrieval request. The method also includes selecting an
inventory holder from a plurality of inventory holders that
store the inventory item and selecting, from a plurality of
mobile drive units, a mobile drive unit to move the selected
inventory holder to the selected inventory station.

U.S. Pat. No. 7,912,574 to Wurman, et al. issued on Mar.
22, 2011 with the title “System and method for transporting
inventory items”, and is incorporated herein by reference.
This patent describes a method for transporting inventory
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items that includes moving a mobile drive unit to a first point
within a workspace. The first point is a location of an
inventory holder. The method further includes docking the
mobile drive unit with the inventory holder and moving the
mobile drive unit and the inventory holder to a second point
within the workspace. The second point is associated with
conveyance equipment. The method further includes mov-
ing the inventory holder to a third point within the work-
space using the conveyance equipment.

U.S. Pat. No. 7,920,962 to D’ Andrea, et al. issued on Apr.
5, 2011 with the title “System and method for coordinating
movement of mobile drive units”, and is incorporated herein
by reference. This patent describes a method, for moving
one or more mobile drive units within a workspace, that
includes receiving, from a first mobile drive unit, a reser-
vation request requesting use of a first path segment to move
in a first direction. The method further includes determining
that a second mobile drive unit is currently located on the
first path segment and determining whether the second
mobile drive unit is moving in the first direction. Addition-
ally, the method includes transmitting a reservation response
indicating that the reservation request is denied, in response
to determining that the second mobile drive unit is not
moving in the first direction. The method also includes
transmitting a reservation response indicating that the res-
ervation request is granted, in response to determining that
the second mobile drive unit is moving in the first direction.

U.S. Pat. No. 8,220,710 to Hoffman, et al. issued on Jul.
17, 2012 with the title “System and method for positioning
amobile drive unit”, and is incorporated herein by reference.
This patent describes a method (for transporting inventory
items) that includes determining an assignment state of a
mobile drive unit. The method also includes selecting a
location for the mobile drive unit based on the assignment
state of the mobile drive unit, in response to determining that
the mobile drive unit is not currently completing a task. The
method further includes transmitting information to the
mobile drive unit identifying the selected location.

U.S. Pat. No. 8,239,291 to Hoffman, et al. issued on Aug.
7, 2012 with the title “System and method for communi-
cating status information of inventory-related tasks using a
status indicator”, and is incorporated herein by reference.
This patent describes a method for communicating informa-
tion pertaining to a task includes receiving wirelessly first
status information. The first status information specifies a
first status associated with a task. The method also includes
indicating the first status to a user and receiving input from
the user indicating a second status associated with the task.
Additionally, the method includes transmitting wirelessly
second status information to a remote device in response to
receiving the input from the user. The second status infor-
mation specifies the second status.

U.S. Pat. No. 8,311,902 to Mountz, et al. issued on Nov.
13, 2012 with the title “System and method for filling an
order”, and is incorporated herein by reference. This patent
describes a method for fulfilling inventory requests that
includes receiving an inventory request requesting an inven-
tory item and selecting the requested inventory item from an
inventory holder. The method further includes storing the
requested inventory item in an order holder associated with
the inventory request and moving the order holder to a
storage space. In addition, the method includes detecting a
triggering event and in response to detecting the triggering
event, retrieving the order holder from the storage space.

U.S. Pat. No. 8,483,869 to Wurman, et al. issued on Jul.
9, 2013 with the title “Method and system for fulfilling
requests in an inventory system”, and is incorporated herein
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by reference. This patent describes a method (for fulfilling
requests in an inventory system) that includes receiving a
request indicating an activity to be completed. The method
also includes selecting a holder to fulfill the request and an
inventory station at which to fulfill the request. The inven-
tory station is associated with a queue that includes a
plurality of queue spaces. The method further includes
moving the selected holder from a first location to a second
location remote from the selected inventory station. Addi-
tionally, the method also includes determining that a trigger
event has occurred and, in response to determining that the
trigger event has occurred, moving the selected holder from
the second location to a queue space of a queue associated
with the selected inventory station.

U.S. Pat. No. 8,538,692 to Wurman, et al. issued on Sep.
17, 2013 with the title “System and method for generating
a path for a mobile drive unit”, and is incorporated herein by
reference. This patent describes a method of transporting
inventory items that includes receiving a route request from
a mobile drive unit. The route request identifies a destination
location within a workspace. The workspace includes at
least one cell associated with a first cell attribute and at least
one cell that is not associated with the first cell attribute. The
method includes determining a state of the mobile drive unit.
The method also includes generating a path to the destina-
tion location for the mobile drive unit that traverses cells
associated with the first cell attribute, in response to deter-
mining that the mobile drive unit is associated with a first
state. The method includes generating a path to the desti-
nation location for the mobile drive unit that does not
traverse cells associated with the first cell attribute, in
response to determining the mobile drive unit is not asso-
ciated with the first state. The method further includes
transmitting the path to the mobile drive unit.

U.S. Pat. No. 8,649,899 to Wurman, et al. issued on Feb.
11, 2014 with the title “System and method for maneuvering
amobile drive unit”, and is incorporated herein by reference.
This patent describes a method of rotating an inventory
holder includes moving an inventory holder towards a
rotation area along a straight segment of a path with a first
face of the inventory holder facing a first direction. The
rotation area includes a portion of a workspace designated
for rotation of inventory holders. The method further
includes moving the inventory holder into the rotation area
along a first arced segment with an orientation of the first
face perpendicular to the first arced segment. The method
additionally includes executing a rotation maneuver within
the rotation area and moving the inventory holder out of the
rotation area along a second arced segment with a second
face facing the first direction.

U.S. Pat. No. 8,798,786 to Wurman, et al. issued on Aug.
5, 2014 with the title “System and method for processing
waste material”, and is incorporated herein by reference.
This patent describes a method for processing waste in a
material-handling system that includes detecting an occur-
rence of a trigger event associated with a waste holder
located at a first location and, in response to detecting the
trigger event, moving a mobile drive unit to the first location.
The method also includes loading waste material onto the
mobile drive unit at the first location and transporting the
waste material to a waste station using the mobile drive unit.

U.S. Pat. No. 8,805,573 to Brunner, et al. issued on Aug.
12, 2014 with the title “System and method for order
fulfillment”, and is incorporated herein by reference. This
patent describes a system includes a first mobile drive unit
and a second mobile drive unit. The system also includes a
first inventory holder, a second inventory holder, and a third
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inventory holder. An inventory station includes a first loca-
tion and a second location and the inventory station operable
to receive a first inventory item from the first inventory
holder at the first location. The first inventory holder trans-
ported by the first mobile drive unit. The inventory station
also operable to receive a second inventory item from the
second inventory holder at the first location. The second
inventory holder transported by the second mobile drive
unit. The inventory station also operable to receive a third
inventory item from the third inventory holder at the second
location. The third inventory holder is fixed at the second
location while the inventory station receives the first and
second inventory item.

U.S. Pat. No. 8,831,984 to Hoffman, et al. issued on Sep.
9, 2014 with the title “System and method for inventory
management using mobile drive units”, and is incorporated
herein by reference. This patent describes a method for
inventory management that includes deploying a first mobile
drive unit having first dimensions and deploying a second
mobile drive unit having second dimensions, the first and
second dimensions being different. The first and second
mobile drive units are operable to transport inventory items
to a plurality of inventory stations in the same workspace.

U.S. Pat. No. 8,965,562 to Wurman, et al. issued on Feb.
24, 2015 with the title “Efficient shuffling of mobile drive
units for inventory holders”, and is incorporated herein by
reference. This patent describes an inventory system that has
mobile drive units that freely and independently move about
a facility to transport inventory holders. The mobile drive
units may operate through communications with other drive
units, or under a more centralized control of a management
module. For various operating scenarios, the mobile drive
units are directed to shuffle the inventory holders in a
manner that minimizes travel of the mobile drive units,
thereby improving overall system efficiency. One or more
single mobile drive units may be used to transport inventory
holders to and from a region, and to sequentially reposition
or slide each of the inventory holders within the region
according to a priority ordering.

U.S. Pat. No. 8,972,045 to Mountz, et al. issued on Mar.
3, 2015 with the title “Inter-facility transport in inventory
management and fulfillment systems”, and is incorporated
herein by reference. This patent describes, in an infrastruc-
ture that uses a mobile order fulfillment system, robotic
drive units that may be dispatched and instructed to bring
inventory holders to a workstation where at least one of the
inventory holders is packed and prepared for shipment. The
robotic drive units are then instructed to move the prepared
inventory holder to a transport vehicle such as a truck.
Fiducial marks may be removably placed within the trans-
port vehicle to aid navigation of the robotic drive units. At
a destination facility, additional robotic drive units may be
instructed to move the inventory holders from the truck and
place the inventory holders at appropriate storage locations.

U.S. Pat. No. 9,009,072 to Mountz, et al. issued on Apr.
14, 2015 with the title “Filling an order at an inventory pier”,
and is incorporated herein by reference. This patent
describes a system that includes an inventory pier, a mobile
drive unit, and a management module. The inventory pier
includes a defined area arranged to station an inventory
holder. The inventory holder stores an inventory item. The
mobile drive unit is operable to transport an order holder.
The management module is operable to calculate a metric
associated with demand for the inventory item. Based at
least in part upon the metric, the management module is
operable to select, from a plurality of inventory holders, the
inventory holder storing the inventory item to be stationed at
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the defined area of the inventory pier. The management
module is further operable to receive an order for the
inventory item and instruct the mobile drive unit to transport
the order holder to the inventory pier. The order holder is
operable to receive the inventory item from the inventory
holder proximate to the defined area.

U.S. Pat. No. 9,330,373 to Mountz et al. issued May 3,
2016 with the title “Method and system for storing inventory
holders”, and is incorporated herein by reference. This
application describes a method (for storing inventory items
in an inventory system) that includes detecting that an
inventory holder is available for storage and determining a
classification of the inventory holder. The method also
includes determining a classification of each of a plurality of
storage locations and selecting a storage location for the
inventory holder based, at least in part, on the classification
of the inventory holder and the classification of the selected
storage location. The method additionally includes transmit-
ting information identifying the storage location to a mobile
drive unit associated with the inventory holder.

There remains a need for improved systems for inventory
management and movement.

SUMMARY OF THE INVENTION

The present invention provides inventory movement (for
example, for a fulfillment-automation system used to send
goods to customers) with high volumetric utilization of
warehouse space (utilization of the full three-dimensional
space within a warehouse), faster speed and throughput, and
low cost-per-order.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A is a schematic oblique view of a picker auto-
mated vehicle (PAV) 101 according to some embodiments of
the present invention.

FIG. 1B is a schematic top view of picker automated
vehicle (PAV) 101 according to some embodiments of the
present invention.

FIG. 1C is a schematic oblique view of a tote-movement
device 120 according to some embodiments of the present
invention.

FIG. 1D is a schematic oblique view of a picker auto-
mated vehicle (PAV) 104 according to some embodiments of
the present invention.

FIG. 2A is an enlarged schematic plan view of portion 201
of'a warehouse 202 using picker automated vehicles (PAVs)
210 and tote-moving modular assemblies (MA) 220 accord-
ing to some embodiments of the present invention.

FIG. 2B is a schematic plan view of a warehouse 202
using picker automated vehicles (PAVs) 210 and tote-mov-
ing modular assemblies (MA) 220 according to some
embodiments of the present invention.

FIG. 3 is a schematic plan view of a conventional pack-
age-to-picker facility that uses unmanned automated carts
312 to move inventory to fixed-position human operator
pickers 90.

FIG. 4 is a perspective view of a system 400 including a
picker automated vehicle (PAV) 401, tote shuttle 402, and
bins 403, according to some embodiments of the present
invention.

FIG. 5 is a plan view of an FCA (fulfillment center
automation) warehouse 501, according to some embodi-
ments of the present invention including a configurator 510,
according to some embodiments of the present invention.
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FIG. 6A is a flowchart of a method 601, according to some
embodiments of the present invention.

FIG. 6B is a flowchart of a method 602, according to some
embodiments of the present invention.

FIG. 7 is a perspective view of a system 700 including a
simplified picker automated vehicle (SPAV) 701, shuttle cart
702, vertical conveyors 703, horizontal conveyors with
integrated rails 704, and bins 705, according to some
embodiments of the present invention.

FIG. 8 is a perspective view of a system 800 where an
enhanced picker automated vehicle (EPAV) 801 integrates
the functions (which are performed by separate components
of system 700 of FIG. 7) of a simplified picker automated
vehicle (SPAY) 701, shuttle cart 702, and vertical conveyors
703 of FIG. 7 into a single vehicle 801, according to some
embodiments of the present invention.

FIG. 9A is a perspective view of a totally robotic (“man-
less™) storage retrieval machine (SRM) 901 that is one of a
plurality of such storage and retrieval mechanisms used in a
commercial automated storage and retrieval system (ASRS),
according to some embodiments of the present invention.

FIG. 9B is a perspective view of a partially robotic
“man-on-board” storage retrieval machine (SRM) 902 that is
one of a plurality of such storage and retrieval mechanisms
used in a commercial automated storage and retrieval system
(ASRS), according to some embodiments of the present
invention.

FIG. 9C is a schematic oblique view of a “monorail”
picker automated vehicle (MPAV) mover unit 909 of an
MPAV SRM system 903, according to some embodiments of
the present invention.

FIG. 9D is a schematic oblique view of a “monorail”
picker automated vehicle (MPAV) 970 of an MPAV SRM
system 904, according to some embodiments of the present
invention.

FIG. 9E is a schematic oblique view of a “monorail”
picker automated vehicle (MPAV) 980 of an MPAV SRM
system 905, according to some embodiments of the present
invention.

FIG. 10 is a perspective view of a system 1000 including
a simplified picker automated vehicle (SPAV) 701, shuttle
cart 702, vertical conveyors 703, and a mini-automated
storage and retrieval system (mini-ASRS) 1001 that replaces
the sequencing and storage function of the configurator 510,
according to some embodiments of the present invention.

FIG. 11 is a perspective view of a system 1100 including
a simplified picker automated vehicle (SPAV) 701, shuttle
cart 702, vertical conveyors 703, and mini-ASRS 1001 that
replaces the human picker 90 with a picking robot (PR)
1101, according to some embodiments of the present inven-
tion.

FIG. 12 is a perspective view of a system 1200, according
to some embodiments of the present invention.

FIG. 13 is a perspective view of a system 1300 including
the system 700, horizontal conveyors 704, the system 1200,
and two transfer conveyors 1301 and 1302, according to
some embodiments of the present invention.

FIG. 14 is a perspective view of a system 1400 which is
a potentially cost reduced version of system 1200. It
includes horizontal conveyors 704, a transfer conveyor
1301, two vertical elevators 1401, two load-handling
devices 1402, and four tote-storage racks 1404.

FIG. 15 is a block diagram of a system 1500 including a
plurality of cost-reduced mini-ASRS/sequencers 1300, a
plurality of bin walls 1501, a plurality of pick shelves
optionally configured to include bins, and a series of con-
veyors 1502 (moving one direction) and 1502' (moving in
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the opposite direction) interconnecting them, according to
some embodiments of the present invention.

FIGS. 16A, 16B, 16C, 16D, 16E, 16F, 16G, 16H, and 161
are portions of an exemplary timing diagram 1600 (refer-
ence number 1600 refers to 1600A-16001 collectively) for
some illustrative embodiments of the invention utilizing
vertical conveyors 703, according to some embodiments of
the present invention.

FIG. 17 is a guide 1700 indicating the number of index
positions that a vertical index conveyor (VIC) (such as
vertical conveyors 703 or 920, for example) is required to
move as a part of the software algorithm defined in section
5.15 (timing) as set forth below.

DESCRIPTION OF EMBODIMENTS

Although the following detailed description contains
many specifics for the purpose of illustration, a person of
ordinary skill in the art will appreciate that many variations
and alterations to the following details are within the scope
of the invention. Specific examples are used to illustrate
particular embodiments; however, the invention described in
the claims is not intended to be limited to only these
examples, but rather includes the full scope of the attached
claims. Accordingly, the following embodiments of the
invention are set forth without any loss of generality to, and
without imposing limitations upon the claimed invention.
Further, in the following detailed description of the embodi-
ments, reference is made to the accompanying drawings that
form a part hereof, and in which are shown by way of
illustration specific embodiments in which the invention
may be practiced. It is understood that other embodiments
may be utilized and structural changes may be made without
departing from the scope of the present invention. The
embodiments shown in the Figures and described here may
include features that are not included in all specific embodi-
ments. A particular embodiment may include only a subset
of all of the features described, or a particular embodiment
may include all of the features described.

The leading digit(s) of reference numbers appearing in the
Figures generally corresponds to the Figure number in
which that component is first introduced, such that the same
reference number is used throughout to refer to an identical
component which appears in multiple Figures. Signals and
connections may be referred to by the same reference
number or label, and the actual meaning will be clear from
its use in the context of the description.

Certain marks referenced herein may be common-law or
registered trademarks of third parties affiliated or unaffiliated
with the applicant or the assignee. Use of these marks is for
providing an enabling disclosure by way of example and
shall not be construed to limit the scope of the claimed
subject matter to material associated with such marks.

COPYRIGHT NOTICE/PERMISSION

A portion of the disclosure of this patent document
contains material which is subject to copyright protection.
The copyright owner has no objection to the facsimile
reproduction by anyone of the patent document or the patent
disclosure, as it appears in the Patent and Trademark Office
patent files or records, but otherwise reserves all copyright
rights whatsoever. The following notice applies to the soft-
ware and data as described below and in the drawings
hereto: Copyright© 2016-2017, Doerfer Corporation, All
Rights Reserved.
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FIG. 1A is a schematic oblique view of a picker auto-
mated vehicle (PAV) 101 according to some embodiments of
the present invention. In some embodiments, one or more
PAVs 101 are located in each of a plurality of aisles 113 (see
high-velocity aisles 251 and low-velocity aisles 252 of FIG.
2B, each of which is considered an aisle 113) in a fulfilment
center (FC), where, on one or both sides of each aisle, are
rows and columns of bins 240 (see system 202 of FIG. 2B).
In some such embodiments, the system 202 includes a
computer-control system 260 that matches one of the plu-
rality of bins to one of the plurality of totes, and controls the
movement of PAV 101 and the human-machine interface
(HMI) 261 (such as a video screen and/or laser pointers
and/or auditory outputs) that tells the human picker 90
which items to place in which tote, so as to move and
position a human picker 90 such that human picker 90 grabs
an item (e.g., of merchandise) from the appropriate selected
bin and places that item into the appropriate selected tote. In
some embodiments, each tote aggregates a plurality of
different items for a given order of merchandise (e.g., such
as all the items of an Amazon® order), wherein each tote
may be moved to a plurality of locations in a plurality of
aisles to collect all such items of merchandise. In some
embodiments, a PAV mover unit 110 (carrying and elevating
human picker 90 within a safety cage and platform 111) is
connected to one or more tote-carrying modular elevator
assemblies 120 and 120", each carrying a plurality of totes
125 that are held by shelves and/or brackets 122 (or other
suitable tote holders), wherein the totes 125 can be moved
and repositioned horizontally (in the X direction (left-right
in FIG. 1A; towards or away from human picker 90 such that
the correct tote 125 is presented next to human picker 90 at
the appropriate time such that the human picker 90 can grab
an item from a bin 240 (see FIG. 2A) and place the grabbed
item in the correct tote 125 with the shortest and/or most
efficient path) and/or Y direction (forward-backward in FIG.
1A)) and vertically (in the Z direction (up-down in FIG.
1A)) by centrally located elevator motion units (EMUs) 128
(toward the back in FIG. 1A) and 129 (toward the front in
FIG. 1A). In some embodiments, PAV mover unit 110
includes a machine-human interface (such as a video screen
and/or laser pointers and/or auditory outputs that indicate to
the human picker 90 which items are to be picked from
which bins 240 (a few of which are shown in a portion of
picking shelves 250 above human picker 90 in FIG. 1A) in
one of a plurality of aisles in a warehouse (see FIG. 2A) and
then placed in which totes 125). In various embodiments, a
plurality of shelves or brackets 122 are arranged on a
plurality of sides (front-back and/or left-right) of each EMU
128 and 129. In some embodiments, one or more Y-direction
front-back-horizontal conveyors 121 (e.g., at the very top
and/or one or more positions in between the very top and the
very bottom) are provided to move totes between the back-
left set 127 of shelves/brackets and the front-left set 126 of
shelves/brackets, and one or more Y-direction front-back-
horizontal conveyors 121' (e.g., at the very top and/or one or
more positions in between the very top and the very bottom)
are provided to move totes between the back-right set 127'
of shelves/brackets and the front-right set 126' of shelves/
brackets 122. Thus, each back-side EMU 128 can grab or
receive a tote 125 (e.g., from one of the shelves/brackets
122), then lift or lower the tote 125 and then insert it onto
another one of the shelves/brackets 122 on the back-left set
127 of shelves/brackets, or the back-right set 127" of shelves/
brackets. Similarly, each front-side EMU 129 can grab or
receive a tote 125 (e.g., from one of the shelves/brackets
122), then lift or lower the tote 125 and then insert it onto
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another one of the shelves/brackets 122 on the front-left set
126 of shelves/brackets, or the front-right set 126' of shelves/
brackets. In some embodiments, a plurality of elevator
motion units 128 (on the back side with respect to FIG. 1A)
and/or a plurality of elevator motion units 129 (on the front
side with respect to FIG. 1A) are provided, one above the
other, on each vertical pole of each tote-carrying modular
assembly 120, such that a plurality of vertical moves of totes
can occur simultaneously and/or at least partially overlapped
in time.

FIG. 1B is a schematic top view of picker automated
vehicle (PAV) 101 according to some embodiments of the
present invention.

FIG. 1C is a schematic oblique view of a tote-movement
device 120 according to some embodiments of the present
invention.

FIG. 1D is a schematic oblique view of a picker auto-
mated vehicle (PAV) 104 according to some embodiments of
the present invention. In some embodiments, a plurality of
elevator motion units (EMUs) 129 (e.g., upper and lower
EMUS on both the left and right sides) are provided on each
vertical pole of each tote-carrying modular assembly 120. In
addition, a plurality of tote-carrying modular assemblies
(MAs) 120 are provided on the left side and/or the right side
of PAV mover unit 110 (in the embodiment shown, a total of
four MAs 120 are connected to a single PAV mover unit
110).

FIG. 2A is an enlarged schematic top view of portion 201
of'a warehouse 202 using picker automated vehicles (PAVs)
210 and tote-moving modular assemblies (MAs) 220
according to some embodiments of the present invention. In
some embodiments, each PAV system 200 includes one
picker automated vehicle (PAV) 210 and two tote-moving
modular assemblies 220 connected together so that the PAV
system 200 moves down the aisle 251. In some embodi-
ments, picker automated vehicle (PAV) 210 is implemented
as PAV mover unit 110 described above and tote-moving
modular assemblies 220 are implemented as tote-carrying
modular assemblies (MAs) 120 described for FIG. 1A, FIG.
1B, FIG. 1C, and/or FIG. 1D above. In some embodiments,
bins 240 are placed along both sides of each aisle 251, and
a PAV 210 carries a human picker and is connected to one
or more MAs 220 to form a PAV system to move along the
aisle and to raise and lower the human picker 90 to bins 240
located at various heights along both sides of each one of the
aisles 113. In some embodiments, the horizontal and vertical
motion and the horizontal-vertical (HV) paths taken by the
safety cage and platform 111 supporting the human picker
are automatically chosen by computer algorithm to mini-
mize the time per pick.

FIG. 2B is a schematic top view of a warehouse 202 using
a plurality of PAV systems 200 (each including a picker
automated vehicle (PAV) 210 and one or more tote-moving
modular assemblies (TMMA) 220) according to some
embodiments of the present invention. In some embodi-
ments, warehouse 202 includes one or more “high-velocity”
aisles 231 that have bins containing the more popular
merchandise items (the merchandise items having the most
sales are considered “high-velocity” items) and one or more
“low-velocity” aisles 232 that have bins containing the less
popular merchandise items (the merchandise items having
less frequent sales are considered “low-velocity” items). A
support zone 241 includes one or more areas for each of the
following system parts: receiving station 245, an automated
storage and retrieval system (ASRS) and/or a mini ASRS
244, a shipping station 243 and/or a loader/unloader 242 that
includes slots to configure and load each of a plurality of
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MAs 220 with a plurality of identified totes that will each be
used to accumulate the merchandise items for a different one
of a plurality of end-user customers’ orders. In some
embodiments, loader/unloader 242 also erects corrugated
cardboard shipping boxes used to deliver the items in
end-user customers’ orders, and unloads the totes from
completed MAs 220 that have been transported to connect to
each PAV 210 carrying the human pickers that are picking in
the aisles 251. Once filled, the filled erected corrugated
cardboard shipping boxes are then sealed and labeled for
delivery to form completed shipping boxes, and the shipping
station 243 will load these completed shipping boxes onto
trucks for transport from the warehouse 202.

FIG. 3 is a schematic top view of a conventional package-
to-picker warehouse facility 301 that uses unmanned auto-
mated carts 312 (also called robocarts, or robotic carts that
go to collect one or more bins (possibly stacked bins) each
having one or more merchandise items (inventory), in order
to move inventory from their storage locations along aisles
341 to fixed-position human operator pickers 90 located at
workstations 313. Each workstation 313 has spaces for a few
(e.g., six to ten) robocarts, such that each human picker 90
has, within their reach, bins for no more than that number of
stock items at any one time. Since the human picker is
loading a separate shipping box for each customer’s order,
the limited number of robocarts and their respective bins
thus limits the minimum amount of time needed per stock
item moved. Such conventional systems fetch goods by
unmanned robocarts 312, each under respective containers
of goods to four stationary pickers at the end of the aisles;
because robocarts move 312, containers of goods (bins) are
limited in height (perhaps less than two or at most three
meters in height). This height limitation limits the amount of
inventory that the warehouse can stock (the inefficient use of
space incurring space costs for the land and buildings
required, as well as the utility costs for heating, cooling and
lighting of warehouse 311); the long distances that robocarts
312 must move to deliver the bins to the human pickers and
then move the slightly depleted bins back to their storage
locations along the aisles 341 is an additional drawback
(longer times equate to higher costs); and the large number
of robocarts 312 needed for timely delivery of inventory
bins to the human pickers 90 introduces traffic congestion
and high costs for the many robocarts 312 (further slowing
how many inventory items can be brought to the human
pickers 90 in a given amount of time, which increases the
cost of labor and reduces system inventory throughput).
Moving an entire set of bins carried by a robocart 312 across
the warehouse 301 to the fixed location of one of the pickers
90 and then moving the entire set of bins by the robocart 312
back across the warehouse 301 to the storage location for
that set of bins takes a large amount of time and energy just
to allow the human picker 90 to remove a single inventory
stock item and place that item into a shipping box, and is
costly.

FIG. 4 is a perspective view of a system 400 including a
picker automated vehicle (PAV) 401, tote shuttle 402, and
bins 403, according to some embodiments of the present
invention. The picker automated vehicle (PAV) 401 (which,
in some embodiments, includes a tote shuttle 402 connected
to a human-picker cage 405 that travels vertically on cage
elevator 406, which together move horizontally back and
forth across the length of aisle 113) is an embodiment of an
automated picker-to-goods vehicle. In some embodiments,
PAV 401 moves the human picker 90 horizontally along aisle
113 (in some embodiments, via a wheeled cart mechanism)
and vertically (via cage elevator 406) to reach a selected bin
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403 among different ones of the bins 403, and also moves the
totes 125 (not shown here) vertically in tote shuttle 402 such
that the designated destination tote 125 is close to the
designated source bin 403 at the moment that the human
picker is to move the stock item from the designated source
bin 403 to the designated destination tote 125. While
vehicles that are similar in some ways exist in conventional
systems, they have not been utilized in a fully automated
order-fulfillment system, such as system 400, where the
stock-item goods the picker 90 takes from the bins 403 on
the warehouse shelves in an aisle 113 are automatically
transported in totes 125 that are moved from that pick
location to their ultimate warehouse destination, thus allow-
ing the human picker 90 to proceed immediately to the next
pick location, as opposed to the picker delivering the picked
item to, at a minimum, the end of the aisle as conventional
implementations dictate. This improvement provided by
some embodiments of the present invention eliminates sig-
nificant travel time.

FIG. 5 is a plan view of an FCA (fulfillment center
automation) warehouse system 501, according to some
embodiments of the present invention. In some embodi-
ments, software and hardware systems implement database
521 and scheduler 522 applications that work along with
warehouse-management system (WMS) 550 to organize and
sort shipment orders within warehouse building 500 so as to
minimize the time needed per pick, and maximize shipment
throughput. In some embodiments, tote shuttle system 530
and tote shuttles 402 transfer totes between the configurator
510 and the picker automated vehicles (PAVs) 401 located in
aisles 113. In some embodiments, there are three primary
functions of the configurator 510: they are 1) to place the
totes in the correct sequence that allows the picker on the
picker automated vehicle (PAV) 401 to travel an optimized
path in order to minimize their pick time, 2) to transfer
partially filled totes between aisles 113 so complete orders
can ultimately be attained, and 3) to store totes prior to their
being required in any given aisle 113. A total inventory of
available stock items is stored in bins 403 and stock items
are picked by human pickers 90 who are automatically
conveyed and elevated to selected bins to pick items for each
shipment and who place the picked items in preselected totes
125.

FIG. 6A is a flowchart of a method 601 (which also
corresponds to a system that performs the method), accord-
ing to some embodiments of the present invention. In some
embodiments, a tote input spur from the tote-conveyor
system is provided at block 605. In some embodiments, at
block 606, method 601 includes a divert for empty totes and
restocking/replenishing of totes. In some embodiments, an
interrupt point for manual empty-tote loading onto the
conveyor is provided at block 607. In some embodiments, at
block 610, a sorter is provided. In some embodiments, the
sorter includes a 16-aisle sorter with diverts on specific
centerlines all heading one direction (e.g., south). In some
embodiments, the sorter input is equal to 150 totes-per-
minute (TPM) (in other embodiments, any other suitable
sorter input rate is provided). In some embodiments, each
divert gets a random selection of twelve (12) totes every
ninety (90) seconds. In some embodiments, at block 615, a
restock tote buffer is provided on a first-in/first-out (FIFO)
basis. In some embodiments, at block 616, an interrupt point
for manually replenishing tote loading is provided. In some
embodiments, at block 620, approximately 45% of totes exit
the system. In some such embodiments, 55% are routed to
the sorter loop for additional processing. In some embodi-
ments, an interrupt point for unloading totes from the output



US 11,142,399 B2

13

buffer FIFO is provided at block 621 in case downstream is
blocked. In some embodiments, a tote output spur is pro-
vided at block 622. In some embodiments, at block 630, tote
input and output conveyors are one on top of the other at the
tote-conveyor connection.

FIG. 6B is a flowchart of a method 602 (which also
corresponds to a system that performs the method), accord-
ing to some embodiments of the present invention. In some
embodiments, method 602 includes providing conveyors
640 that are one on top of the other, running in opposite
directions. In some such embodiments, conveyors 640
include an input conveyor 641 on a lower level and an output
conveyor 642 on an upper level. In some embodiments,
there is approximately 31.5 inches between the floor and the
drive surface of input conveyor 641. In some embodiments,
there is approximately 57 inches between the floor and the
drive surface of output conveyor 642. In some embodiments,
at block 641.1, the PAV has an accumulating roller conveyor
that holds two rows of four (4) totes on two (2) layers each
running in opposite directions. In some embodiments, at
block 641.2, side-by-side belt conveyors (TS) accept the 2x4
slug of totes and transfer the slug downstream. In some
embodiments, at block 641.3, the two slugs of four (4) are
combined into single file. In some embodiments, all 16
inputs are combined to a single lane at block 641.4. In some
embodiments, at block 642.1, each divert delivers randomly
sequenced totes accumulating to a set of eight (8). In some
embodiments, totes are re-sorted into a planned sequence of
eight (8) in a 2x4 matrix. In some embodiments, at block
642.2, once the 2x4 matrix is created, it is shuttled as a slug
onto the TS. In some embodiments, at block 642.3, the TS
(e.g., side-by-side belt conveyors) accepts the 2x4 slug of
totes and transfers the slug to the PAV. In some embodi-
ments, at block 642.4, the PAV includes an accumulating
roller conveyor that holds two rows of four (4) totes. In some
such embodiments, the accumulating roller conveyor
includes two layers of conveyors running in opposite direc-
tions.

FIG. 7 is a perspective view of a system 700 including a
simplified picker automated vehicle (SPAV) 701, shuttle cart
702, vertical conveyors 703, horizontal conveyors with
integrated rails 704, and bins 705 (in some embodiments,
implemented as bins 240 arranged in groups (e.g., rows and
columns) shown as picking shelves 250 in FI1G. 1A, FIG. 2A
and FIG. 2B), according to some embodiments of the
present invention. In this embodiment, the function of the
tote shuttle 402 is to transport totes between the totes shuttle
system (530) and the picker automated vehicle (702) as
shown and described above for FIG. 4 is replaced by the
shuttle cart 702, vertical conveyor crossover transporter 720,
and horizontal conveyors with integrated rails (HCIR) 704
(including arriving horizontal conveyor (AHC) 704A and
departing horizontal conveyor (DHC) 704D). In addition,
the picker automated vehicle (PAV) 401 such as shown, for
example, in FIG. 4 is replaced with the simplified picker
automated vehicle (SPAV) 701 in an effort to reduce cost by
SPAY 701, as shown in FIG. 7, not having a requirement to
store a plurality of totes within the SPAV 701, while the PAV
401 as shown in FIG. 4 stored a plurality of totes within the
PAV 401.

In some embodiments, HCIR 704 includes AHC 704A
that brings totes 125 to shuttle cart 702 and DHC 704D that
takes totes 125 away from shuttle cart 702. In some embodi-
ments, an up-loading ramp 733 (or other loading-transport
mechanism having similar function) brings totes 125 from
the height of HCIR 704 up to the height of shuttle cart 702
and an unloading ramp 734 (or other unloading-transport

10

15

20

25

30

35

40

45

50

55

60

65

14

mechanism having similar function) that brings totes 125
from the height of shuttle cart 702 back down to the height
of HCIR 704. In some embodiments, shuttle cart 702
includes an upward vertical conveyor (UVC) 731 and a
downward vertical conveyor (DVC) 732. In some embodi-
ments, SPAV 701 includes a person safety cage 711 for
holding a human picker 90), a person-cage elevator 712, and
a forklift-type vehicle 713 for moving SPAV 701 and shuttle
cart 702 along aisle 113.

FIG. 8 is a perspective view of a system 800 where an
enhanced picker automated vehicle (EPAV) 801 integrates
the function of a simplified picker automated vehicle (SPAV)
701, shuttle cart 702, and vertical conveyors 731/732 into a
single vehicle, according to some embodiments of the pres-
ent invention. In some embodiments, this is done for poten-
tial cost reduction.

In some embodiments, system 800 includes horizontal
conveyors with integrated rails 804 (including AHC 804A
and DHC 804D). In some embodiments, EPAV 801 includes
shuttle-cart module 802 (including up-loading ramp 833 and
un-loading ramp 844), UVC 831, DVC 832, vertical con-
veyor crossover transporter 820, and person cage 811.

FIG. 9A is a perspective view of a totally robotic (“man-
less™) storage retrieval machine (SRM) 901 that is one of a
plurality of such storage and retrieval mechanisms used in a
commercial automated storage and retrieval system (ASRS),
according to some embodiments of the present invention.

FIG. 9B is a perspective view of a partially robotic
“man-on-board” storage retrieval machine (SRM) 902 that is
one of a plurality of such storage and retrieval mechanisms
used in a commercial automated storage and retrieval system
(ASRS), according to some embodiments of the present
invention. SRM 901 represents a standard much-more-
common man-less version and SRM 902 represents a man-
on-board version. In some embodiments, SRM 902 includes
a monorail bottom bearing 917 and a monorail top hanger
915. In some embodiments, man-on-board SRM 902 is used
to replace the function of a picker-automated vehicle (PAV)
701, according to some embodiments of the present inven-
tion. These mechanisms are shown as another potential
embodiment of a simplified picker automated vehicle
(SPAV) 701 as shown in FIG. 7 that provide yet another
potential cost reduction and/or performance enhancement.

FIG. 9C is a schematic oblique view of a “monorail”
picker automated vehicle (MPAV) mover unit 909 of a
MPAYV system 903, according to some embodiments of the
present invention. In some embodiments, one or more PAV's
902 are located in each of a plurality of aisles 113 in a
fulfilment center (FC), where, on one or both sides of each
aisle 113, are rows and columns of bins 240 that form
picking shelves 250 (see system 202 FIG. 2B). In some such
embodiments, the MPAV 902 includes a computer-control
system 960 that matches one of the plurality of bins to one
of the plurality of totes, and controls the movement of
MPAV mover unit 909

(e.g., the up-down 912 control of safety cage 911,

the left-right movement 913 of the entire MPAV mover
unit 909,

the leftward movement 944 of leftward-moving horizon-
tal conveyor 940,

the rightward movement 954 of rightward-moving hori-
zontal conveyor 950,

the upward movement 952 of the left-hand upward-
moving arrival vertical conveyor 951,

the front-to-back cross-over horizontal movement on
transfer conveyor 946 that transports totes 125 from left-
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hand upward-moving arrival vertical conveyor 951 to left-
hand downward-moving departure vertical conveyor 941,

the downward movement 942 of left-hand downward-
moving departure vertical conveyor 941,

the upward movement 952' of the right-hand upward-
moving arrival vertical conveyor 951' that receives arriving
totes from leftward-moving horizontal conveyor 940,

the back-to-front cross-over horizontal movement on
transfer conveyor 946' that transports totes 125 from right-
hand upward-moving arrival vertical conveyor 951' to right-
hand downward-moving departure vertical conveyor 941',

the downward movement 942' of right-hand downward-
moving departure vertical conveyor 941',

the pick-up movement 953 that transports the rightward-
traveling arriving totes from rightward-moving horizontal
conveyor 950 to left-hand upward-moving arrival vertical
conveyor 951,

the drop-off movement 943 that transports the downward-
traveling departing totes from left-hand downward-moving
departure vertical conveyor 941 to the left end 940' of
leftward-moving horizontal conveyor 940,

the pick-up movement 953' that transports the leftward-
traveling arriving totes from leftward-moving horizontal
conveyor 940 to right-hand upward-moving arrival vertical
conveyor 951,

the drop-off movement 943' that transports the down-
ward-traveling departing totes from right-hand downward-
moving departure vertical conveyor 941' to the right end
950" of rightward-moving horizontal conveyor 950, and

the human-machine interface (such as human-machine
interface (HMI) 261 shown in FIG. 2B) that tells the human
picker 90 which items to place in which tote, so as to move
and position a human picker 90 such that human picker 90
grabs an item (e.g., of merchandise) from the appropriate
selected bin and places that item into the appropriate
selected tote). In some embodiments, each tote aggregates a
plurality of different items for a given order of merchandise
(e.g., such as all the items of an Amazon® order), wherein
each tote may be moved to a plurality of locations in a
plurality of aisles to collect all such items of merchandise.

In some embodiments, a MPAV mover unit 909 includes
elevator 910, used for carrying and elevating (vertically
moving) human picker 90 within a safety cage 911 that is
raised and lowered using, e.g., motors 916, and moved
left-and-right along with the attached elevator assemblies
920 and 920' using, e.g., motors 917 and chain 918. By
supporting MPAV mover unit 909 at both the top (bearing
assembly 915 held by rails (not shown) attached to an upper
structure of the building) and bottom (by wheel assembly
917 held in a groove structure on the floor of the building),
MPAV mover unit 909 eliminates the need for a wide-stance
machine such as a forklift (such as 713 of FIG. 7), thus
further reducing the width needed for the aisle 113 between
opposing picking shelves 250 and their bins 240 (see FIG.
5).

In some embodiments, elevator 910 is connected to one or
more tote-carrying modular elevator assemblies 920 and
920", each carrying a plurality of totes 125 that are held by
shelves 922 (and/or brackets or other suitable tote holders),
wherein the totes 125 can be moved and repositioned
horizontally (in the X direction (left-right in FIG. 9C;
towards or away from human picker 90 and optionally tilted
from the horizontal with the downward edge towards human
picker 90, such that the correct tote 125 is presented next to
human picker 90 at the appropriate time, such that the
human picker 90 can grab an item from a bin 240 (see FIG.
1A) on a bin wall on either side of the aisle 913 and place

20

25

30

40

45

55

16

the grabbed item in the correct tote 125 with the shortest
and/or most efficient path), and/or Y direction (forward-
backward in FIG. 9C)) and vertically (in the Z direction
(up-down in FIG. 9C)) by modular elevator assemblies 920
and 920'. In some embodiments, MPAV mover unit 909
includes a machine-human interface (such as a video screen
and/or laser pointers and/or auditory outputs that indicate to
the human picker 90 which items are to be picked from
which bins 705 (see FIG. 7) in one of a plurality of aisles in
a warehouse (see FIG. 7) and then placed in which totes
125). In some embodiments, one or more Y-direction back-
to-front horizontal transfer conveyors 946' (e.g., at the very
top) are provided to move totes between the upward-moving
arrival vertical conveyor 951' and the downward-moving
arrival vertical conveyor 941', and one or more Y-direction
front-to-back horizontal crossover transfer conveyor 946
(e.g., at the very top) are provided to move totes between the
upward-moving arrival vertical conveyor 951 and the down-
ward-moving arrival vertical conveyor 941. The drop-off
movement 943' transports the downward-traveling departing
totes from right-hand downward-moving departure vertical
conveyor 941.

In some embodiments, MPAV mover unit 909 allows totes
125 to arrive from either or both ends of aisle 113 and to
depart towards either or both ends of aisle 113. In some
embodiments, totes 125 are allowed to travel under MPAV
mover unit 909 without being picked up by the upward-
moving arrival vertical conveyor 951 or 951' so that they can
simply be merged with departing totes from MPAV mover
unit 909 and moved from one end of the aisle 113 to the
other for other scheduling, without being loaded with addi-
tional stock items at the present time.

FIG. 9D is a schematic oblique view of a “monorail”
picker automated vehicle (MPAV) 970 of an MPAV SRM
system 904, according to some embodiments of the present
invention. In some embodiments, MPAV 970 is similar to
MPAV mover unit 909 of FIG. 9C described above, but with
the addition of X-direction mechanisms and top front-to-
back horizontal crossover conveyor 948 (moving totes 125
right-to-left from the top of up-down elevators 920' to the
top of up-down elevators 920) and X-direction mechanisms
and top front-to-back horizontal crossover conveyor 948'
(moving totes 125 left-to-right from the top of up-down
elevators 920 to the top of up-down elevators 920'). In some
embodiments, X-direction mechanisms and top front-to-
back horizontal crossover conveyors 948 and 948' are in
addition to Y-direction mechanisms and top front-to-back
horizontal crossover transfer conveyor 946 and top back-to-
front horizontal crossover transfer conveyor 946'. In other
embodiments, X-direction mechanisms and top right-to-left
horizontal crossover transfer conveyor 948 and top left-to-
right horizontal crossover transfer conveyor 948' are in place
of Y-direction mechanisms and top horizontal crossover
transfer conveyors 946 and 946'.

In some embodiments (not shown), the present invention
uses a system substantially identical to system 904, but uses
only a single horizontal conveyor 950 (eliminating the other
conveyor 940, the backside downward vertical conveyor
941, the backside upward conveyor 951', the top front-to-
back and back-to-front horizontal crossover conveyors 946
and 946', and top right-to-left horizontal conveyor 948 (all
at the back side of FIG. 9D)). Thus (in relation to the system
of FIG. 9D), all the arriving totes 125 are dispatched from
the left end of aisle 113, arrive at MPAV 970, are loaded onto
upward conveyor 951, conveyed upward, transferred across
the top horizontal conveyor 948', loaded onto downward
conveyor 941', conveyed downward, unloaded from down-
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ward conveyor 941' onto the single horizontal conveyor 950,
and conveyed horizontally to end 950" at the right end of
aisle 113.

FIG. 9E is a schematic oblique view of a “monorail”
picker automated vehicle (MPAV) 980 of an MPAV SRM
system 905, according to some embodiments of the present
invention. In some embodiments, MPAV 980 is similar to
MPAV 970 of FIG. 9D described above, but with the
addition of storage shelves 981, and the mechanism(s)
needed to move totes 125 between up-down elevators 920
back and forth to selected ones of storage shelves 981. One
advantage of this embodiment is that totes 125 on the left
side can be temporarily stored local to the human picker 90
rather than dispatched back to the departing horizontal
conveyor 940" which would cause the totes to travel to the
end of'the aisle 113 before coming back to the human picker
90 to be loaded with stock items from different spaced-apart
columns of bins 240 on the picking shelves 250. In some
embodiments, MPAV 980 further includes storage shelves
981 located on the other side next to up-down elevators 920'.
In other embodiments, yet further storage shelves such as
shown in system 1400 of FIG. 14 are also, or alternatively,
provided.

FIG. 10 is a perspective view of a system 1000 including
a simplified picker automated vehicle (SPAV) 701, shuttle
cart 702, vertical conveyors 703, and a mini-automated
storage and retrieval System (mini-ASRS) 1001 that
replaces the sequencing and storage function of the configu-
rator 510 such as shown in FIG. 5, according to some
embodiments of the present invention. This substitution of
the mini-ASRS 1001 to replace configurator 510 is done to
provide another potential cost and/or performance enhance-
ment. In the embodiment shown in FIG. 10, the mini-ASRS
1001 is placed on the shuttle cart 702, but in other embodi-
ments, could also be placed in a static position at the end of
a warehouse aisle 251 in conjunction with the other hard-
ware shown in this FIG. 10.

FIG. 11 is a perspective view of a system 1100 including
a simplified picker automated vehicle (SPAV) 701, shuttle
cart 702, vertical conveyors 703, and mini-ASRS 1001 that
replaces the human picker with a picking robot (PR) 1101,
according to some embodiments of the present invention.
The replacement of the human picker with a picking robot
(PR) 1101 is done for potential operating-expense, worker
safety and/or system-performance improvement.

FIG. 12 is a perspective view of a system 1200 that
includes horizontal conveyors 704, a sequencer motor 1201,
rotary clutches 1202, a rotary shaft 1203, a rotary-motion-
to-linear-motion lift device 1204, a mini-ASRS shuttle 1205,
a mini-ASRS vertical lift with integrated load-handling
device 1206, and a mini-ASRS transfer rail 1207. System
1200 is referred to as the cost-reduced Mini-ASRS/se-
quencer. In some embodiments, system 1200 is combined
with parts of one or more of the other embodiments
described herein.

FIG. 13 is a perspective view of a system 1300 including
the system 700, horizontal conveyors 704, the system 1200,
and two transfer conveyors 1301 and 1302. Together they
constitute one preferred embodiment.

FIG. 14 is a perspective view of a system 1400 which is
a potentially cost-reduced version of system 1200. It
includes horizontal conveyors 704, a transfer conveyor
1301, two vertical elevators 1401, two load handling devices
1402, and four tote-storage racks.

FIG. 15 is a block diagram of a system 1500 including a
plurality of cost-reduced mini-ASRS/sequencers 1300 (each
of' which includes a sequencer 1550 and a mini ASRS 1560),
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a plurality of bin walls 1501, and a series of conveyors 1502
(moving one direction) and 1502' (moving in the opposite
direction) interconnecting them, and a plurality of pick
shelves 250 each having rows and columns of bins 240 such
as shown in FIG. 1A on each side of each aisle 113.

FIGS. 16A through 161 are portions of a timing diagram
1600 (which refers collectively to timing diagram portions
1600A, 16008, 1600C, 1600D, 1600E, 1600F, 1600G,
1600H and 16001, respectively) for some embodiments of
the invention utilizing vertical conveyors 703. These Figures
demonstrate how two vertical conveyors 703 can work
together synchronously to achieve a pick request within a
time that makes the system commercially competitive. Key
1 is a listing of timings for one example according to the
present invention for the time of 1-7 steps of the vertical
indexed conveyor (VIC) and for the person elevator of the
PAV movement of 1-5 steps, as well as the reference
numbers for the key in FIGS. 16A-161.

Key 1

TIME (SECONDS)

VIC MOVE A (DISTANCE)

B Y N
—_
in
o

PAV MOVE A (DISTANCE)

[N VTR S
w
N
=3

L/U TIME 1.00

TOTES HANDLED IN

UP VIC

TOTES HANDLED IN
DOWN VIC

VIC MOVEMENT RANGE
PAV PLATFORM RANGE
TOTE BEING HANDLED
PAV PLATFORM
POSITION

1681 (vertical crosshatching)
1682 (horizontal crosshatching)

1683 (downward sloping crosshatching)
1684 (upward sloping crosshatching)
1685 (diamond trellis crosshatching)
1686 (dot-array crosshatching)

In FIG. 16A, the start of a sequence of tote moves of
portion 1600A has reference number 1610. Successive time
periods are labeled 1611 (tote A is loaded on vertical slot
1641 using 1.0 second, per the Key 1 above), 1612 (tote A
is moved 7 slots upward to slot 1648) and 1613 (tote C is
loaded to slot 1641 and tote A is unloaded to the top
horizontal conveyor 1651). The arriving totes are on arriving
horizontal conveyor (AHC) 1671 and will travel up the steps
1641, 1642, 1643, 1644, 1645, 1646, 1647 and 1648 of
upward vertical conveyor 1640, then across top horizontal
conveyor 1651, then travel down the steps 1661, 1662, 1663,
1664, 1665, 1666, 1667 and 1668 of downward vertical
conveyor 1660, and completed totes will be output to on
departing horizontal conveyor (DHC) 1672. The accumu-
lated time is set forth in the action boxes at the top of each
time period. Continue to refer to 1610 of FIG. 16 A for
reference numbers of the respective slot positions.

In FIG. 16B, the continuing sequence of tote moves of
portion 1600B has time periods are labeled 1614 (tote c is
moved 7 slots upward to slot 1648; tote A is transferred
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across top horizontal conveyor 1651), 1615 (tote A is moved
3 slots downward to slot 1664 and starts handling 1685 (i.e.,
being loaded by human picker 90), tote B is loaded on
vertical slot 1641 and tote C is unloaded to the top horizontal
conveyor 1651), 1616 (tote B is moved 4 slots upward to slot
1645; tote C is transferred across top horizontal conveyor
1651), 1617 (tote E is loaded on vertical slot 1641) and 1618
(tote A completes handling 1685 (i.e., it is done being loaded
by human picker 90)).

In FIG. 16C, the continuing sequence of tote moves of
portion 1600C has time periods labeled 1619, 1620, 1621,
1622, and 1623, with the actions and accumulated times
listed at the top of each time period.

In FIG. 16D, the continuing sequence of tote moves of
portion 1600D has time periods labeled 1624, 1625, 1626,
1627, and 1628, with the actions and accumulated times
listed at the top of each time period.

In FIG. 16E, the continuing sequence of tote moves of
portion 1600E has time periods labeled 1629, 1630, 1631,
1632, and 1633, with the actions and accumulated times
listed at the top of each time period.

In FIG. 16F, the continuing sequence of tote moves of
portion 1600F has time periods labeled 1634, 1635, 1636,
1637, and 1638, with the actions and accumulated times
listed at the top of each time period.

In FIG. 16G, the continuing sequence of tote moves of
portion 1600G has time periods labeled 1639, 1640, 1641,
1642, and 1643, with the actions and accumulated times
listed at the top of each time period.

In FIG. 16H, the continuing sequence of tote moves of
portion 1600H has time periods labeled 1644, 1645, 1646,
1647, and 1648, with the actions and accumulated times
listed at the top of each time period.

In FIG. 161, the continuing sequence of tote moves of
portion 16001 has time periods labeled 1649, 1650, 1651,
1652, and 16543, with the actions and accumulated times
listed at the top of each time period.

FIG. 17 is a guide 1700 indicating the number of index
positions that a vertical index conveyor (VIC) (such as
vertical conveyor 920, for example) is required to move as
a part of the software algorithm defined in section 5.15
(timing) as set forth below

In some embodiments, the present invention provides a
fulfillment center automation (FCA) solution. The present
invention described herein successfully fills a need in the
fulfillment/warehouse automation sector by automating a
“picker-to-goods™ solution that provides performance com-
parable to, or better than, that of any other system currently
in use, inclusive of Amazon’s Kiva® automated “goods-to-
picker” approach (such as described in U.S. Pat. No. 7,402,
018 to Mountz et al., U.S. Pat. No. 7,826,919 to D’ Andrea,
et al., U.S. Pat. No. 7,850,413 to Fontana, U.S. Pat. No.
7,873,469 to D’ Andrea, et al., U.S. Pat. Nos. 7,894,932 and
7,894,933 to Mountz, et al.,, U.S. Pat. No. 7,912,574 to
Wurman, et al., U.S. Pat. No. 7,920,962 to D’ Andrea, et al.,
U.S. Pat. No. 8,220,710 to Hoffman, et al., U.S. Pat. No.
8,239,291 to Hoffman, et al., U.S. Pat. No. 8,311,902 to
Mountz, et al., U.S. Pat. No. 8,483,869 to Wurman, et al.,
U.S. Pat. No. 8,538,692 to Wurman, et al., U.S. Pat. No.
8,649,899 to Wurman, et al., U.S. Pat. No. 8,798,786 to
Wurman, et al., U.S. Pat. No. 8,805,573 to Brunner, et al.,
U.S. Pat. No. 8,831,984 to Hoffman, et al., U.S. Pat. No.
8,965,562 to Wurman, et al., U.S. Pat. No. 8,972,045 to
Mountz, et al. U.S. Pat. No. 9,009,072 to Mountz, et al., and
United States Patent Application Publication 20070017984
to Mountz et al., each of which is incorporated herein by
reference).
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The successful application of an automation of a picker-
to-goods vehicle to a fully automated order fulfillment
system where the goods the picker takes from the warchouse
shelves in an aisle are automatically transported from that
pick location to their ultimate warehouse destination, thus
allowing the picker to proceed immediately to the next pick
location as opposed to delivering the picked item to a
minimum of the end of the aisle as current implementations
dictate has, heretofore, not been addressed and that is the
foundation of the present invention’s solution. This includes
the automated retrieval of said goods from the picker’s
location and the software system to coordinate all the
required actions in an optimal sequence.

While the system performance of the present invention is
comparable to or better than that of conventional systems,
the present invention addresses other issues that are funda-
mental weaknesses which exist with the approach of con-
ventional systems. One of the most significant of those is
volumetric efficiency. In some embodiments, the present
invention is able to make use of every available vertical
cubic foot in a warehouse, whereas conventional systems are
limited to ergonomic work heights at floor level. In addition,
conventional systems have limitations relative to high-
throughput warehouses like those of many customers—
limitations that do not exist with the system of the present
invention.

With the added volumetric efficiency provided by the
present invention’s system, utilization of the invention
enables customers to forego the building of new warehouses
that would otherwise be required with more conventional
approaches. The present invention is also able to integrate
the restocking function into a picker’s normal routine. This
results in a much more efficient use of personnel since
separate stockers are no longer required and no dedicated
restock trips are necessary. As a result, the personnel
required to operate the present invention is absolutely mini-
mized. This also creates a much more ergonomic solution for
pickers compared to a more traditional approach.

In summary, the system of the present invention provides
the customer for the equipment of the present invention
(“Equipment Customer’) an optimized state-of-the-art ware-
house automation solution that provides immediate inherent
benefits over all other picker-to-goods systems currently
available (inclusive of those utilized under the approach in
the above-cited patents and patent application) and a supe-
rior cost/performance ratio as compared to other automated
goods-to-picker systems currently available. In addition, the
efficiencies gained by implementing the present system will
continue to be augmented at the Equipment Customer’s
location as future system improvements and developments
are incorporated.

1. The FCA Performance

After an engineering study, the present system as shown
in the layout of FIG. 5 was tailored so that the Fulfillment
Center Automation (FCA) will process 66,800 shipments
per day at peak rate, with all ratios and shipment timing
profiles similar to those shown in the prototypical dataset.
This statement is based on the following assumptions.

100,000 SKU’s with SKU distribution similar to that seen

in the prototypical dataset.

15 aisles with an optional 16th aisle

8 tote sorties (2x4 slug matrix)

The 1,340 totes/hour limit on incoming and outgoing tote

conveyors will not hinder the system

Equipment Customer must staff the replenishment and
problem-solving areas appropriately and respond in
a timely manner to any blocked or starved condition.
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2. The FCA Process
This section describes the key processes that implement

the FCA (fulfillment center automation) function.

Warehouse Management System
The Warehouse Management System (WMS), supplied

by Equipment Customer, interfaces with the FCA via a

web-based interface. The interface is bi-directional and

handles all interaction between the two subsystems.

The primary functionality provided through this inter-

face is as follows:

WMS supplies SKU information (dimensions, weight,
description, image, velocity, etc.) to the FCA.

WMS “‘downloads’ shipment orders to the FCA for it to
fulfill.

WMS provides tote status and data for totes entering
the FCA.

FCA updates the WMS on bin usage (SKUs and SKU
quantity in each bin).

FCA updates the WMS as tote status and data changes
occur within the FCA.

FCA updates the WMS as shipment statuses change.

FCA requests unique batch ID’s from the WMS each time

a batch is created.

Pick Process Description

The PAV has two incoming conveyors. At the end of each
conveyor is a mechanism that presents each incoming
tote to the human operator and also transfers each
outgoing tote to the outgoing conveyor below. There is

a tote barcode scanner at each mechanism. There is also

a lighted touch-switch (zero force capacitive switch)

next to each mechanism.

The PAV will index an incoming tote onto the mechanism.

The barcode will be scanned and the tote information
looked up in the plan data. The tote information will
include the type of tote (e.g., shipment, restock,
unload), human-centric bin designation, bin X/Z coor-
dinates, SKU, quantity, and any additional data
required for the PAV operation.

Note that there are two tote mechanisms so while the
human operator is working on one tote, the other tote
is typically being brought in and scanned. Thus, the
data for the next tote is typically known before the
human operator completes work on the current tote.

If the next bin location requires PAV motion, the PAV will
do the following:
The system will indicate the upcoming motion to the
human operator in several ways, simultaneously.
The bin designator for the next bin will be displayed
visually on the human-machine interface (HMI).

The general direction and distance of the motion will
be indicated on the HMI. (The Figures (e.g., FIG.
1A and FIG. 4) show a side view of the PAV and
display a big arrow at roughly the angle of
motion.)

The human operator will initiate the motion by grasp-
ing both hold-to-run handles and both feet on each of
two sensor mats. This is the operator’s acknowledge-
ment that they have their body away from the bins,
are in a stable stance, and otherwise prepared for the
motion.

Both hold-to-run handles must remain grasped and
both feet in place through the completion of the
motion or the PAV will stop.

The PAV will indicate the next pick, stow, or unload
action to the human operator in several ways, simulta-
neously.
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The tote (left or right) will be identified by turning on
an indicator light next to the tote.

The HMI will display the action to be performed,
giving full detail, including:

Indicator for left or right tote.

Action to perform (e.g., Pick, Unload, Stow).
SKU identifier.

SKU description.

SKU image.

Quantity (“ALL” for Unload).

Bin designator.

The human operator will perform the requested action.

Note that in the case of a pick or stow, the human
operator may use the HMI (such as HMI 261 of FIG.
2B) to indicate a quantity less than the requested
quantity prior to indicating that the action was com-
pleted. This is discussed further in the section on
exception handling, below.

The human operator will verify that they operated on the
correct tote in either of two ways:

By touching a capacitive (zero force) switch next to
that tote.

By touching the tote indicator on the HMI.

This is also the signal to the PAV that this tote can be
moved to the outgoing conveyor.

The other tote should already be in position, so as soon as
the human operator indicates that the action is com-
pleted, the PAV will initiate the next action in the
sequence (move or human-operator action).

Outbound Totes

A tote will exit the system if any of the following
conditions are met:

Any shipment within the tote is approaching Critical
Pull Time (CPT) and must exit in order to make it to
pack-out in time.

The tote has reached the maximum fill limit by volume.

The tote has reached the maximum fill limit by weight.

Totes exit onto an outgoing tote buffer conveyor that
connects to the tote outgoing conveyor.

A manual load/unload ‘stop’ on the buffer conveyor can
be used to remove totes if the buffer is overrun with too
many outgoing totes and to reintroduce those totes once
the overrun condition has been relieved.

Restock, Replenishment and Problem-Solving Spurs

Inbound restock
Restock totes will be delivered to the FCA (fulfillment

center automation) from the first floor via the tote-
conveyor system (such as a conveyor available from
Bowoo System Corporation of Korea (see bowoo-
sys.koreasme.com/en/index.html).

Restock totes will be diverted to a buffer conveyor that
connects to the configurator.

A manual load/unload ‘stop’ on the buffer conveyor can
be used to remove totes if the buffer is overrun with
too many restock totes and to reintroduce those totes
once the overrun condition has been relieved.

Replenishment
Replenishment reserve pallets will be delivered to the

fourth floor via the elevators and staged near the
FCA.

Operators will utilize the manual load/unload ‘stop’ on
the incoming empty tote buffer conveyor to retrieve
empty totes as needed.

Operators will load replenishment stock into these
empty totes and use a customer-supplied tool to
associate the replenishment SKU’s and quantities
with the tote.
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The replenishment totes will be loaded into the FCA via
the manual load/unload ‘stop’ on the restock buffer
conveyor.

Empty totes

Empty totes will be delivered to the FCA from the first
floor via the tote conveyor.

Empty totes will be diverted to a buffer conveyor that
connects to the configurator.

A manual load/unload ‘stop’ on the buffer conveyor can
be used to remove totes if the buffer is overrun with
too many empty totes and to reintroduce those totes
once the overrun condition has been relieved.

No-read and problem-solving spur

Any tote within the FCA with an unreadable barcode or
which has been marked as a ‘problem tote’ will be
diverted to this spur.

The human operator will scan the tote barcode and will
be presented with all known information about the
tote.

For totes that contain damaged/reject product, the
human operator will unload the product, ensure the
tote is clean, and reintroduce the now empty tote to
the FCA using the manual load/unload ‘stop’ on the
empty tote buffer conveyor.

For any tote that is not being emptied, the human
operator will address the problem, update the tote
status via a customer-supplied tool, and then rein-
troduce the tote to the FCA using the manual load/
unload ‘stop’ on the restock tote buffer conveyor.

5. FCA System Technical Description
In some embodiments, the FCA (fulfillment center auto-
mation) system includes basic mechanical mechanisms con-
trolled by proprietary software creating an efficient process
of order fulfillment. In some embodiments, the FCA system
includes the following:
Database
This sub-system is the core of the FCA. Its major software
components are the database, the FCA application itself
and a web server.

Functionality:

Maintains local knowledge of bin data. This data
includes bin type, SKU’s, and quantity of each
SKU.

Maintains local knowledge of shipments and
restock/replenishment.

Maintains local knowledge of tote data. This data
includes tote status, SKU’s, and quantity of each
SKU.

Manages the relationship between totes and the
operations that are to be performed (i.e., picks and
stows).

Forms and manages batches as directed by the
Scheduler application.

Provides a system interface via web services. The
web server is the interface to the other FCA
sub-systems and to the outside world (e.g., the
WMS).

Interacts with the WMS to keep both systems
updated on bin, tote, and shipment status/data.

Keeps performance and loading statistics about the
system.

Implementation:

The database application is built in SQL Server.

The database server is built as a pair of redundant
servers, providing failover capability.

The FCA application is built using an ASP.NET Core
application hosted on IIS as the web server.
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Scheduler
This sub-system is responsible for planning how and
when all operations (e.g., picks and stows) are to be per-
formed.
Functionality

Looks at all known outstanding operations (e.g., picks
and stows), all bin data, and all applicable tote data
and forms the most efficient plan that it can to
perform those operations. The plan determines the
order (sequence) and timing of the operations as well
as where (bin) the operations are to be performed and
which tote is to be used.

Determines what operations can be combined into
batches in order to improve overall system effi-
ciency, in terms of both throughput and tote utiliza-
tion. This primarily combines pick operations to
maximize average tote utilization (i.e., to maximize
product volume per tote) while accommodating
other system constraints (e.g., meeting CPT’s).

Implementation

The core functionality of the scheduler is written as a
number of genetic solver algorithms. These operate
by generating a set of possible plans, taking the top
‘n’ best plans, and then mutating each of these plans
to form the next generation. The process repeats
continuously, driving toward the optimal plan, and
evolving as the real world situation evolves.

The scheduler is written to be highly parallel, with
many instances of the same processes spread across
many physical and virtual CPU cores.

Configurator

This sub-system is responsible for controlling tote move-
ments according to the plans provided by the Scheduler.

Functionality

Requests aisle-specific plan information from the
scheduler for each aisle and routes the appropriate
totes to those aisles to fulfill the plans.

Re-orders totes within each sortie (group of totes
intended to make up one load for the tote shuttle)
according to the sequence specified in the plan.

Manages injection of empty and restock totes into the
main configurator loop according to the current/
anticipated needs of the system.

Implementation

State-based machine logic written in Beckhoff TwinCat
structured text, running as a hard, real-time process
within the TwinCat runtime.

Beckhoff industrial PC hardware.

Conveyor system

Buffers, sequences, and distributes totes to the PAV
aisles utilizing various standard material handling
technologies. The totes received from the PAV’s are
then either routed to another aisle or sent to packout.

Tote Shuttle

Tote Shuttles transfer totes between the configurator and
the PAV’s.

Functionality

Receives a ‘sortie’ of unprocessed totes from the con-
figurator and returns a load of processed totes to the
configurator.

Looks ahead to determine the best place and time to
couple with the PAV.

At the appropriate time, executes an approach move to
bring itself close to the PAV. Then executes coupling
move when the PAV is in the planned coupling
position.
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Transfers a sortie of unprocessed totes to the PAV and
receives processed totes from the PAV.

Uncouples from the PAV and returns to the configurator
to repeat the process.

Implementation

State-based machine logic written in Beckhoff TwinCat
structured text, running as a hard, real-time process
within the TwinCat runtime.

Beckhoff industrial PC hardware.
PAV
PAV’s position the human operator and the totes accord-
ing to the sequence specified in the scheduler plan.
Functionality
Reads the barcode on each tote.
Interfaces with the FCA (fulfillment center automa-

tion) database to verify/retrieve the necessary tote,
bin, and SKU information.

Positions the cab so that the human operator has
access to the specified bin(s).

Directs the human operator to perform the required
operation(s) related to the tote being processed.

Performs data updates to reflect the completed opera-
tions, including exception handling.

Implementation

State-based machine logic written in Beckhoff Twin-
Cat structured text, running as a hard, real-time
process within the TwinCat runtime.

.Net HMI (human-machine interface) application
running as a non-real-time process on the same
controller PC.

Beckhoff industrial PC hardware.

Utility Requirements for some embodiments

Power requirements for one embodiment are estimated in
Table 1 (for a PAV), Table 2 (per tote shuttle vehicle),
and Table 3 (per aisle) and Table 4 (total power estimate
for the aisles and equipment including the configurator
sections).

Equipment Customer will provide power drops to the
appropriate main enclosures:

One at the end of each aisle
One at the main enclosure for the configurator

General Power Requirements Estimate for the FCA Sys-
tem are as follows

Per Picker Automated Vehicle (PAV)
TABLE 1
Amps  Total
QTY Each Amps Device(s)
2 25.8 51.6 Traction (X Axis) Servo Drives
2 28.5 57 Operator/Conveyor (Z Axis) Lift Servo Drives
1 10 10 Tote Tilt Loading Mechanism Servos (2 motors
on 1 Drive)
1 7.6 7.6  Human Operator Area Heater
1 2.65 2.65 380-VAC to 120-VAC transformer
1 17 17 Conveyor System
1 2 2 24-VDC Power Supply
1 7.5 7.5 Miscellaneous Power Consumers Including
Safety Factor
155.5 Approximate Total 380-VAC Power in Amps
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Per Tote Shuttle Vehicle
TABLE 2
Amps  Total
QTY Each Amps Device(s)
2 25.8 51.6  Traction (X Axis) Servo Drives
2 25.8 51.6 Conveyor (Z Axis) Lift Servo Drives
1 2.65 2.65 380-VAC to 120-VAC transformer
1 17 17 Conveyor System
1 2 2 24-VDC Power Supply
1 7.5 7.5  Miscellaneous Power Consumers Including
Safety Factor
132.5 Approximate Total 380-VAC Power in Amps
Per Aisle
TABLE 3
Amps  Total
QTY Each Amps Device(s)
1 2.65  2.65 380-VAC to 120-VAC transformer
1 2 2 24-VDC Power Supply
1 2.5 2.5  Miscellaneous Power Consumers Including

Safety Factor

7 Approximate Total 380-VAC Power in Amps

Total Power Estimate for the Aisles and Equipment
including the Configurator Sections

TABLE 4
Amps  Total
QTY Each Amps Device(s)
16 155.5 2488 PAV Power Requirements
16 132.5 2120 Tote Shuttle Vehicle Requirements
16 7 112 Aisle Power Requirements
1 540 540  Approximate Power needs for the

Configurator

5260 Approximate Total 380-VAC Power in Amps

Compressed Air
Equipment Customer will provide clean, dry com-
pressed air at a rate of CMM (cubic meters per
minute) (_CFM (cubic feet per minute) @ MPa
(million Pascals (_PSI (pounds per minute)).
Equipment Customer will plumb the air to a designated
location adjacent to the configurator.
Server
Equipment Customer will provide a climate controlled
room for the FCA hardware
Labor Estimates
Labor estimates for the FCA are initially planned at 21
people per shift and set as follows. (notated per shift)
3 Replenishment, Empty tote and restock tote manage-
ment and problem-solving area (average ranging
from 3-5)
16 PAV operators
Note that some operators on the PAV may be sensi-
tive to the repeated stop/go motion experienced
during normal operation. They may want to rotate
to other stationary tasks in the FC. This is a
personal preference situation and the rotation pro-
cess should be determined by Equipment Custom-
er’s labor leadership team.
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1 System technician
1 Maintenance/repair technician

6. FCA Development and Engineering Study

An engineering study was conducted to validate the early
concepts and ideas of the picker-to-product concept. The
study contained two parallel courses of action, development
of the mechanical design and development of the software.
The mechanical development included several prototyping
efforts. The software development utilized simulation activi-
ties and the creation of a testbed which, driven by real data
provided by Equipment Customer, mirrored real-world
order/shipment patterns as well as tote flow on the configu-
rator conveyors.

The Testbed

The testbed incorporates the actual FCA (fulfillment cen-
ter automation) database, scheduler, and PLC logic, along
with simulated conveyor and vehicle hardware to provide a
fully operational system for use in both testing functionality
and evaluating performance.

Functionality

The core software functionality is provided by the
actual applications and so this functionality is as
described in the related sections above.

Configurator hardware simulation PLC code mimics
the timing of tote motions based on the real conveyor
speeds and timing as provided by the manufacturer.

PAV and tote shuttle hardware simulation PLC code
mimics the tote motions as with the configurator, but
also mimics the timing, speed, and position feedback
of the servo motors.

Human Operator interaction is simulated using func-
tions that calculate the operation completion time
based on a number of variables including the number
of items being picked/stowed and the number of
SKU’s mixed in the source and target bins and totes.
These calculations were derived based on empirical
data from trials performed within a PAV and aisle
mock-up.

Implementation

The Applicant is running the real scheduler application
on the actual scheduler server hardware, the real
FCA database application on the actual FCA server
hardware, and the actual PLC code within TwinCat.

The physical configurator, PAV and tote shuttle hard-
ware are simulated by temporary low-level PLC
code that mimics the IO responses and timing that
the Applicant expects from the actual hardware.

The WMS is simulated by a Net application that
generates shipments and restock according to statis-
tical data gathered from the prototypical data sets. It
very closely mimics the timing and nature of the
shipments, with each day of the week having its own
distinct profile. The WMS simulator also gathers
statistical data for analysis of performance.

In some embodiments, a visualization application, writ-
ten in .Net, provides a visual representation of indi-
vidual tote, PAV, and shuttle motions; and also
gathers statistical data for analysis of performance.

Mechanical Prototypes

As part of the engineering study several prototypes were
constructed.

PAV Picker Platform

A prototype included two sets of opposing shelves and
a simulated PAV on caster wheels to mimic a PAV
aisle. It was used to develop the picking process, tact
time and basic ergonomic design of the picker plat-
form. It was placed in a simulated aisle to conduct
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various timing studies of the picking process to
understand and refine the process of picking SKU’s
into the totes. Although simplistic in design and
construction this prototype proved to be very valu-
able.

Tote Tilt

This mechanism is used on the PAV to present totes to the

picker. This prototype was used to develop both how
totes are presented to the picker as well as validate the
mechanical design. Testing this was instrumental in
determining how the depth of SKU’s in the tote are
affected by the angle of the tote when it exits.

Fulfillment Center Automation System Functional Speci-
fication

This functional specification provides a high-level
description of the functionality to be provided by the Sys-
tem-as-a-Whole (SAAW) portion of an automated fulfill-
ment center. This functional specification also establishes a
common set of terminology for use in further documentation
and communication regarding the SAAW and its function-
ality. Additional design documentation provides further
detail to guide the customer’s interface implementation. The
size, weight, numbers, combinations of features, and the like
as specified herein represent parameter values for some
embodiments. Other embodiment may use different values.

1.0 System Overview

In some embodiments, the Fulfillment Center Automation
(FCA) system downloads specifications for shipment orders
(i.e., order information that defines Stock-Keeping Units
(SKUs) that are to be shipped in each one of a plurality of
shipments to be made to customers) from the Warchouse
Management System (WMS) and fulfills those shipments
from the available stock within the FCA warehouse while
meeting required shipment times. The FCA system also
handles restock and replenishment.

FIG. 4 is a perspective view of a Picker Automated
Vehicle (PAV) 401, Tote Shuttle 402, and bins 403, accord-
ing to some embodiments of the present invention.

FIG. 5 is a plan view of an FCA warehouse 501, according
to some embodiments of the present invention.

1.1 In some embodiments, SAAW 500 includes the fol-
lowing major subsystems:

1.1.1 Configurator 510 for some embodiments

1.1.1.1 This refers to the collection of conveyors that
receives empty and restock totes from the Fulfillment Center
(FC), configures sorties of totes to be processed within the
aisles, and delivers completed totes back to the FC for re-bin
and pack-out. There are three primary functions of the
Configurator 510. They are 1) to place the totes in the correct
sequence that allows the picker on the Picker Automated
Vehicle (PAV) 401 to travel an optimized path to minimize
their pick time, 2) to transfer partially filled totes between
aisles so complete orders can ultimately be attained and 3)
to store totes prior to them being required in any given aisle.

1.1.2 Database 521 and Scheduler 522 for some embodi-
ments

1.1.2.1 These software applications interface with the
WMS to receive shipment orders, develop plans for efficient
processing of picks and stows, and maintain system knowl-
edge of bin and tote status/data at all times. These applica-
tions also automatically manage the slotting of Stock-Keep-
ing Units (SKUs) to bins within the FCA-controlled portion
of the warehouse in a way that optimizes overall efficiency
and throughput.
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1.1.3 Tote Shuttle 530 for some embodiments

1.1.3.1 Tote Shuttles 402 transfer totes between the Con-
figurator 510 and the Picker Automated Vehicles (PAVs)
401.

1.1.3.2 Functionality for some embodiments

1.1.3.2.1 Receives a ‘sortie’ of unprocessed totes from the
Configurator and returns a load of processed totes to the
Configurator.

1.1.3.2.2 Looks ahead to determine the best place and
time to couple with the PAV.

1.1.3.2.3 At the appropriate time, executes an approach
move to bring itself close to the PAV and then executes a
coupling move when the PAV is in the planned coupling
position.

1.1.3.2.4 Transfers a sortie of unprocessed totes to the
PAV and receives processed totes from the PAV.

1.1.3.2.5 Uncouples from the PAV and returns to the
Configurator to repeat the process.

1.1.3.3 Implementation used for some embodiments

1.1.3.3.1 State-based machine logic written in Beckhoft
TwinCat (see www.beckhoff.com/english.asp?twincat/de-
fault.htm) structured text, running as a hard, real-time pro-
cess within the TwinCat runtime.

1.1.3.3.2 Beckhoff industrial PC hardware.

1.1.4 Picker Automated Vehicle (PAV) 401

1.1.4.1 PAV’s position the operator and the totes accord-
ing to the sequence specified in the scheduler plan. 1.1.4.2
Functionality for some embodiments 1.1.4.2.1 Reads the
barcode on each tote.

1.1.4.2.2 Interfaces with the FCA database to verify/
retrieve the necessary tote, bin, and SKU information.

1.1.4.2.3 Positions the cab so that the operator has access
to the specified bin(s).

1.1.4.2.4 Directs the operator to perform the required
operation(s) related to the tote being processed.

1.1.4.2.5 Performs data updates to reflect the completed
operations, including exception handling.

1.1.4.3 Implementation for some embodiments

1.1.4.3.1 State-based machine logic written in Beckhoft
TwinCat structured text, running as a hard, real-time process
within the TwinCat runtime.

1.1.4.3.2 Net HMI application running as a non-real-time
process on the PC controller.

1.1.4.3.3 Beckhoff industrial PC hardware.

2.0 Terminology for some embodiments

2.1 Aisle 511—The space between two storage racks in
which the picker operates. Two aisle faces are exposed to the
picker when the picker is within an aisle.

2.2 Allocated Items—TItems in specific bin locations that
are allocated to pick requests or unload requests in the
current plan. These Items are essentially off limits when
planning subsequent picks or unloads.

2.3 Bin Data—Data managed by the FCA 501 that iden-
tifies what SKU is associated with each bin location. This
includes the quantity of each SKU at each bin location. It
also includes the aisle, the aisle face, bin type, and the X, Z
coordinates of the bin within the aisle face, with (0, 0) being
the bottom corner of the aisle face nearest the configurator.

2.4 CPT—<Critical Pull Time—This is the WMS-supplied
Ship Date minus the Packout Delay and represents the last
possible moment that the fulfilled shipment should leave the
fourth floor.

2.5 Configurator 510—A system of conveyors that man-
ages totes and routes them to spur conveyors in order based
on the plan produced by the Scheduler. The three primary
functions are to sequence the totes, store the totes, and
transfer the totes between aisles.
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2.6 Drop Time—Date/Time at which a shipment is avail-
able for download from the WMS to the FCA.

2.7 FCA—Fulfillment Center Automation (FCA) system
501—Refers to the SAAW system that downloads ship-
ments from the WMS, interacts with the Scheduler to
schedule fulfillment, tracks local bin data and tote data, and
keeps the WMS updated. It also essentially acts as the
communications hub between the PLC’s, FCA database,
Scheduler, and WMS. The term FCA is also used to refer to
the fulfillment center automation in its entirety (i.e., includ-
ing all physical hardware).

2.8 Inbound Restock—Stock that is moved directly from
the receiving area to the pick areas without being buffered in
the reserve area.

2.9 Ttem—A single unit/piece of a given SKU.

2.10 Left/Right—When used in reference to PAV sides,
aisle faces, and configurator spurs, ‘left’ and ‘right’ are as
viewed by the operator in the PAV when facing the configu-
rator.

2.11 Load Handling Device (LHD)—A mechanical
device that can transfer a load laterally in either direction off
a central axis.

2.12 Mini-ASRS—Tote storage device that utilizes a
gantry crane and load handling device to be able to auto-
matically store and retrieve totes from shelves.

2.13 Mini-ASRS/Sequencer—Tote storage device that
utilizes a novel concept to cost reduce a traditional Mini-
ASRS, provide increased performance, and implement a
cost reduced sequencer to ultimately eliminate the Configu-
rator from an embodiment of this solution. This results in
one preferred embodiment.

2.14 Minimum Guaranteed Shipment Lead Time—This is
the minimum shipment lead time that the system is able to
handle under normal conditions (i.e., when the entire system
is running normally and is fully staffed with qualified
operators).

2.15 Order—A K1 customer creates an order which the
WMS breaks into one or more Shipments. Orders are only
handled at the level of the WMS and are not downloaded to
the FCA.

2.16 Pack-out Delay—Configurable delay time represent-
ing the estimated amount of time from when a fulfilled
shipment exits the FCA to when it should arrive at the truck
(i.e., inclusive of all conveyor travel time and pack-out
operations).

2.17 Pick Rate—The average time required for a picker to
complete a single pick in a sequential series of continuous
picks. This sequential series needs to be able to be replicated
over any time period such that the pick rate does not
increase.

2.18 Pick Request—A request that specifies a number of
Items of a particular SKU that are to be picked for a
shipment.

2.19 PAV—Picker Automated Vehicle—Picker ‘cab’ and
its associated drive mechanism that transports and positions
the operator within an aisle.

2.20 Restock Request—A request to stow a number of
Items of a given SKU into the system. This generic term
covers both Inbound Restock from the receiving area and
Replenishment from the reserve area.

2.21 Replenishment—Stock that is held in the reserve
area and moved to the pick areas upon request from the
WMS.

2.22 Request or Request Record—Used to refer to Pick,
Restock, and Unload requests that originate from the WMS
and essentially make up the list of tasks that the FCA must
complete.



US 11,142,399 B2

31

2.23 Reserve—Floor area where replenishment stock is
queued.

2.24 Scheduler—SAAW application that takes the list of
current pick requests, restock requests, and unload requests
and schedules them to configurator spurs/PAV’s.

2.25 Sequencer—A system that can reconfigure the cur-
rent order of totes on a conveyor to ensure they are in a
required specific sequence.

2.26 Shelving Unit—An assembly consisting of frame-
work and shelves extending from the floor to the full rack
height. Shelving units are placed side by side to form an aisle
face.

2.27 Ship Date—Date and time supplied with each WMS
shipment record that represents the time at which the ship-
ment must arrive on the shipping dock.

2.28 Shipment—One or more Pick requests that are
intended to be placed into a single shipping box.

2.29 Shipment [.ead Time—This is the amount of time
from shipment Drop Time to shipment CPT.

2.30 SPAY—Simplified Picker Automated Vehicle—PAV
with the tote storage mechanism removed.

2.31 System as a whole (SAAW)—In the document
below, the general term ‘SAAW’ will be used to refer to the
system as a whole (i.e., FCA, Scheduler, Configurator, Tote
Shuttles, PAV’s, etc.).

2.32 Tote—Plastic tote is 600-mm longx400-mm widex
323-mm tall at the rim with a 505-mm longx335-mm wide
footprint. Tote capacity is 35 kg. Totes can be nested.

2.33 Tote Shuttle—Mechanism that shuttles totes between
the configurator and the PAV.

2.34 Unload Request—A request to pick a number of
Items of a given SKU from a bin location, and which is not
associated with a shipment. This might be used to remove a
SKU from a bin in preparation for slotting a different SKU
to that bin.

2.35 Vertical Elevator—A mechanical device that can
transport a load from one vertical position to another vertical
position along a single vertical axis.

2.36 Vertical Indexing Conveyors (VICs)—Vertical con-
veyors that move their loads between predetermined vertical
positions only. These positions are separated by equal dis-
tances (the index value) over the height of the conveyor.
These conveyors typically do not have mechanisms that can
initiate the horizontal movements of their loads. As such,
their loads are typically pushed or pulled off the conveyor

2.37 WMS—Warehouse Management System (WMS)
550—Refers to the customer-supplied system that manages
shipments, maintains SKU definitions, handles restock and
replenishment, and provides problem solving functionality.

3.0 Facility/Site Accommodations

3.1 Electrical Power

3.1.1 Power: 380-VAC 3-phase delivered via Wye con-
nection. The Wye is required by the servos.

3.1.2 Equipment Customer will provide power drops to
the appropriate main enclosures

3.1.2.1 One at the end of each aisle

3.1.2.2 One at each of three main enclosures for the
Configurator

3.1.3 Power Requirements Estimate for the FCA System

3.1.3.1 The power estimates reflect the SAAW running at
full power under worst-case operational scenarios. It is
anticipated that a significant power savings will be experi-
enced once the FCA is running in normal operation and
optimized for the application. Based on reviewing the results
from simulations and realistic expectations of FCA opera-
tions, it is estimated that normal running conditions may
only require 3,500 amps of current at 380-VAC. During the
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summer months, when the heaters are not in use, current
usage is anticipated to be slightly less, approximately 3300
amps.

3.2 Compressed Air

3.2.1 Equipment Customer will provide clean, dry com-
pressed air at a rate of 40.5 CFM @ 60 PSI.

3.2.1.1 Equipment Customer will plumb the air to a
designated location adjacent to the Configurator.

3.3 Controls Infrastructure

3.3.1 Server room with adequate cooling

3.3.2 UPS power

3.3.3 Rack

3.3.4 Network infrastructure (managed switches, cabling)
to connect from our FCA database server (downstairs) up to
a switch at the line (upstairs).

3.3.5 K1 managed switch should isolate the FCA/Con-
figurator network traffic from all other plant network traffic.

3.4 Aisles

3.4.1 Clear vertical space from floor to top of PAV: 5.25
m

3.4.2 Height of shelving: 5.0 m

3.4.3 Open space between aisle faces: 1.6 m

3.5 Environmental

3.5.1 Temperature: 0-40° C. (32-104° F.)

3.6 Maintenance Crib

3.6.1 It is recommended that Equipment Customer pur-
chase the maintenance crib and spare parts inventory
described in section 3.1.4. The crib would include the
following.

3.6.1.1 Fencing for 10 by 20-meter work area

3.6.1.2 Shelving for spare parts

3.6.1.3 Work benches, vises & various hand tools

3.6.1.4 Basic power tools—drill, impact wrench, etc.

3.6.1.5 Two advanced laptops running TwinCAT 3.1
software

3.6.1.6 Multi-meter, oscilloscope, crimpers & other mis-
cellaneous electrical tools

3.6.1.7 Does not include a fork lift or other lifting device
for component material handling.

3.6.2 Spare parts inventory

3.6.2.1 At the time of order, SAAW will provide Equip-
ment Customer with a recommended spare parts list. These
spare parts will be securely stored in the maintenance crib
for quick repair of the FCA equipment.

4.0 Top-level System Functional Requirements

4.1 System is to handle only small Items that will fit into
the specific bin sizes and totes that have been identified for
use in this system.

4.1.1 No Items requiring refrigeration.

4.1.2 No drugs (i.e., no life-threatening ramifications to
getting a shipment wrong).

4.1.3 No hazardous Items/materials.

4.2 System will handle shipments (each made up of one
or more pick requests), restocks, and unload requests.

4.3 Shelving units will all be of type B or type D.

4.3.1 Shelf vertical spacing may be adjusted to match the
various bin types being used.

4.3.2 Only one bin type may be used within any given
shelf.

4.3.3 The number of bins on a shelf will always be either
1 (entire shelfis 1 “bin’) or the maximum number of bins for
the given bin type.

5.0 System Functional Description

5.1 FCA & Scheduler Functionality

5.1.1 The system will maintain local records for:

5.1.1.1 Active Shipments and their underlying Pick
requests.
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5.1.1.2 Active Restock requests.

5.1.1.3 Active Unload requests.

5.1.1.4 Tote status

5.1.1.5 Current tote sequencing plan.

5.1.1.6 Bin data, including SKU assignments and SKU
quantities

5.1.2 Request records will include the original data as
provided by the WMS plus additional status information as
required by the scheduler, configurator, and PAV’s.

5.1.3 As the WMS receives orders, it will divide each
order into some number of shipments and will notify the
FCA of the shipments that the FCA is to fulfill.

5.1.4 For inbound restock from receiving and replenish-
ment restock from reserve, as the restock items are loaded
into totes that are destined for the FCA, the WMS will notify
the FCA of the restock tote, providing the location at which
it was loaded (so that travel time can be predicted), the
timestamp at which the tote was released onto the conveyor,
the tote ID, the SKU(s), and the quantity for each SKU.

5.1.5 The FCA will maintain bin data, which includes
SKU to bin assignments, bin type, current quantity of each
SKU in each bin, and the bin X, Z coordinates within the
aisle face.

5.1.5.1 Note that not all bins will have SKU’s assigned.
These unassigned bins will be used to support dynamic SKU
assignments as needed. More detail is given in the bin data
discussion.

5.1.6 The scheduler will continuously analyze all current
active shipment, unload, and restock request records, in
combination with the bin data and the currently existing tote
sequencing plan. This analysis will produce a new tote
sequencing plan that encompasses all aisles/PAV’s and
evolves as needed to allow for the changing state of the
overall system status and inputs.

5.1.6.1 The overall goal of the scheduler will be to come
up with a plan that results in a high overall throughput while
not violating any hard constraints (e.g., CPT).

5.1.6.2 The list of “active’ requests to be analyzed includes
all outstanding requests that have not yet been fulfilled,
including those already existing in the tote sequencing plan.

5.1.6.3 At each point in the analysis, the SKU quantity
remaining in each bin will take into account the current
quantity and all pick requests, unload requests, and restocks
that exist in the sequence being analyzed.

5.1.6.4 As shipment and unload requests are downloaded
from the WMS, special status changes such as cancelling an
order, etc. will be taken into account in the tote sequencing
plan.

5.1.6.5 The scheduler will know what totes are currently
physically on the PAV, on the tote shuttle, and in the queue
lanes for a given aisle.

5.1.6.5.1 Empty totes can be used to fulfill any new
shipment request.

5.1.6.5.2 Arestock tote that is emptied by the operator will
be released back onto the configurator and will be used as an
empty tote.

5.1.6.6 The ‘rules’ being applied by the scheduler in its
analysis can be thought of as two basic types, ‘constraints’
and ‘optimizations’.

5.1.6.6.1 Constraints are generally logical conditions that
are applied to determine if a solution is valid or not.

5.1.6.6.2 Optimizations are generally used in mathemati-
cally comparing solutions to find the ‘better’ solution out of
multiple possible solutions.
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5.1.6.7 Constraints will include consideration of the fol-
lowing:

5.1.6.7.1 A restock must be sequenced ahead of a pick
request that would take the SKU quantity below zero.

5.1.6.7.2 A given tote cannot be in two aisles at the same
time. More specifically, the aisle to aisle timing must take
into account the expected aisle to aisle travel time for the
tote.

5.1.6.8 Optimizations will include consideration of the
following:

5.1.6.8.1 The time that it takes to complete PAV motion
from one bin to the next will be considered so that the most
efficient path down the aisle can be taken.

5.1.6.8.2 The left and right sides of the aisle will be treated
as identical in terms of ‘cost of PAV motion’ and left/right
picks will be fully mixed.

5.1.6.8.3 An estimated conveyor transport time will be
used to determine the ‘cost’ of each inter-aisle tote move-
ment, with the estimate being specific to the particular pair
of aisles and the direction of movement.

5.1.6.8.4 Missing a shipment’s critical path time (CPT)
will incur a large penalty, thus resulting in selecting a plan
that results in no missed CPT’s, unless meeting all CPT’s
becomes impossible (e.g., due to overwhelming order vol-
ume). In the case where missing one or more CPT’s is
unavoidable, the plan that misses the fewest CPT’s is
generally the preferred plan.

5.2 Configurator Functionality

5.2.1 General Functionality

5.2.1.1 The configurator’s main function is to route totes
to spurs in the sequence specified by the scheduler plan.
Additionally, the configurator maintains the incoming empty
and restock tote buffers, interacts with the replenishment
operators for receiving replenishment totes, and controls the
outgoing tote buffer.

5.2.1.2 Each tote will have a barcode. The barcode must
be unique among all totes used within the fulfillment center.

5.2.1.3 Tote tracking data will be maintained within the
FCA database and will be used to keep track of each tote’s
current logical assignment (e.g., shipment ID), status, and
other information as needed by the Scheduler and Configu-
rator, with the barcode being the record identifier.

5.2.1.4 Totes may be tracked within the PLC memory
through conveyor sections where there is little chance of
totes getting out of sequence. However, the barcode will be
scanned and the tote record retrieved at any critical decision/
verification points (e.g., at the PAV).

5.2.1.5 Tote location information will be uploaded from
the PLC to the Scheduler each time that a tracked tote passes
a decision point. This historical data will be used by the
Scheduler in estimating the time required to get any given
tote from its current location to various destinations being
considered for the tote.

5.2.2 Aisle Spurs

5.2.2.1 Each spur has an incoming conveyor and an
outgoing conveyor.

5.2.2.2 The incoming conveyor delivers totes to a re-
sorting area that sequences the totes into the correct order
within left and right spurs.

5.2.2.3 The left spur is for handling the odd numbered
totes in the sequence (e.g., 1,3, 5 .. .) and the right spur is
for handling the even numbered totes in the sequence (e.g.,
2,4,6...)

5.2.2.4 As each tote on the main conveyor arrives at the
entrance to an aisle spur, it will be evaluated to determine if
it matches the next ‘n’ tote(s) currently required for that spur.
If it matches and there is room for the tote within the spur,
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then it will be diverted into the spur. Otherwise, the tote will
continue downstream on the main conveyor.

5.2.2.4.1 The totes in a given sortie, including empty
totes, will be identified in the sortie by the exact barcode.

5.2.2.4.2 If a tote is forced to bypass its intended spur or
is delayed in arriving beyond the when the sortie must be
processed, the PLC will notify the scheduler immediately so
that the plan can be rearranged as necessary.

5.3 Tote Shuttle General Functionality

5.3.1 The tote shuttle has two levels with two parallel
conveyors on each level.

5.3.2 The tote shuttle will dock with the configurator spur.

5.3.3 The tote shuttle will immediately release all pro-
cessed totes from its two outgoing conveyors onto the
outgoing spur conveyors.

5.3.4 Simultaneously, the tote shuttle will receive fresh
totes from the two incoming spur conveyors.

5.3.5 The tote shuttle will then move to couple up with the
PAV. Once coupled, the tote shuttle will transfer fresh totes
to the PAV and receive finished totes from the PAV.

5.3.6 The tote shuttle will receive up to 6 processed totes
from each PAV outgoing conveyor, for a total of up to 12
totes.

5.3.7 Simultaneously, the tote shuttle will transfer all fresh
totes onto the PAV incoming conveyors.

5.3.8 Note that the tote shuttle may be carrying less than
a full load of fresh totes and may receive less than a full load
of processed totes. The shuttle will always receive whatever
processed totes the PAV has available. The shuttle will only
dock and transfer fresh totes when there is room on the PAV
receiving conveyors for the full quantity of fresh totes the
shuttle is carrying. The totes on the left and right lift
mechanisms provide a buffer for the operator to continue
working during the transfer.

5.3.9 Once all totes are transferred, the tote shuttle will
return to the configurator spur.

5.4 PAV General Functionality

5.4.1 The PAV has two parallel incoming conveyors. At
the end of each conveyor is a tote lift mechanism that
presents each incoming tote at an angle for the operator and
also transfers each outgoing tote to the outgoing conveyor
below. There is a tote barcode scanner at each tote lift
mechanism. There is also a lighted touch-switch (zero force
capacitive switch) next to each tote lift mechanism.

5.4.2 The PAV will index an incoming tote onto the tote
lift mechanism.

5.4.3 The barcode will be scanned and the tote informa-
tion looked up in the plan data. The tote information will
include the type of tote (e.g., shipment, restock, unload),
human-centric bin designation, bin X/Z coordinates, SKU,
quantity, and any additional data required for the PAV
operation.

5.4.3.1 Note that there are two tote lift mechanisms so
while the operator is working on one tote, the other tote is
typically being brought in and scanned. Thus, the data for
the next tote is typically known before the operator com-
pletes work on the current tote.

5.4.4 If the next bin location requires PAV motion, the
PAV will do the following:

5.4.4.1 The system will indicate the upcoming motion to
the operator.

5.4.4.1.1 The general direction and distance of the motion
will be indicated on the HMI.

5.4.4.1.2 The remaining distance will be indicated during
the motion.

5.4.4.2 The operator will initiate the motion by grasping
both hold-to-run handles. This is the operator’s acknowl-
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edgement that they have their hands out of the bins, are in
a stable stance, and otherwise prepared for the motion.

5.4.4.3 Both hold-to-run handles must remain grasped
through the completion of the motion.

5.4.5 The PAV will indicate the next pick, stow, or unload
operation to the operator in several ways, simultaneously.

5.4.5.1 The tote (left or right) will be identified by turning
on an indicator light next to the tote.

5.4.5.2 The HMI will display the operation to be per-
formed, giving full detail, including:

5.4.5.2.1 Indicator for left or right tote.

5.4.5.2.2 Operation to perform (e.g., Pick, Unload, Stow).

5.4.5.2.3 SKU identifier.

5.4.5.2.4 SKU description.

5.4.5.2.5 SKU image.

5.4.5.2.6 Quantity (“ALL” for Unload).

5.4.5.2.7 Bin designator (the bin address).

5.4.5.2.8 An image of the aisle face, as seen by the
operator, with the target bin highlighted.

5.4.6 The operator will perform the requested operation.

5.4.6.1 Note that in the case of a pick or stow, the operator
may use the HMI to indicate a quantity less than the
requested quantity prior to indicating that the operation was
completed. This is discussed further in the section on
exception handling.

5.4.7 The operator will verify that they operated on the
correct tote in either of two ways:

5.4.7.1 By touching a capacitive (zero force) switch next
to that tote.

5.4.7.2 By touching the tote indicator on the HMIL.

5.4.8 The operator will be stepped through all operations
that are required for this tote.

5.4.8.1 Note that a single tote may require multiple
operations at a single PAV location due to batching and other
optimization logic in the scheduler.

5.4.9 After the completion of the last operation for this
tote in this PAV location, the tote will be moved to the
outgoing conveyor.

5.4.10 The other tote should already be in position, so as
soon as the operator indicates that the final operation for the
previous tote is completed, the PAV will initiate the next step
in the sequence (PAV move or operator action).

5.5 Vehicle Special Functions

5.5.1 The operator may command the PAV to move to a
parking position at ground level near the open end of the
aisle. The operator must request this motion via the HMI and
then hold the safety grips to enable the motion.

5.5.2 The operator may command the PAV to move to
ground level at the current horizontal position within the
aisle. The operator must request this motion via the HMI and
then hold the safety grips to enable the motion.

5.5.3 The operator may command the PAV to return to the
last operating position (i.e., the last place that the PAV
moved automatically) within the aisle. The operator must
request this motion via the HMI and then hold the safety
grips to enable the motion.

5.5.4 The operator may command the tote shuttle to move
to a parking position at ground level at the configurator end
of'the aisle. It is not necessary to hold the safety grips during
shuttle motion.

5.5.5 The operator may command the tote shuttle to
couple with the configurator conveyors, as it would during
a tote exchange with the configurator. It is not necessary to
hold the safety grips during shuttle motion.

5.5.6 The operator may command the tote shuttle to
execute a tote transfer between the tote shuttle outgoing
(bottom) conveyors and the configurator. It is not necessary
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to hold the safety grips during the transfer. The tote shuttle
must be currently coupled with the configurator before this
command will be allowed.

5.5.7 The operator may command the tote shuttle to
couple with the PAV, at the current PAV position, as it would
during a tote exchange with the PAV. It is not necessary to
hold the safety grips during shuttle motion. The PAV must be
positioned within normal operating limits within the aisle
before this command will be allowed.

5.5.8 The operator may command the PAV and tote shuttle
to execute a tote transfer between the two vehicles. It is not
necessary to hold the safety grips during the transfer. The
PAV and tote shuttle must be currently coupled before this
command will be allowed. The vehicles will complete the
transfer of both incoming and outgoing totes, within limits
of available space on the respective receiving conveyors.

5.5.9 The operator may command the PAV to move to a
specified bin location. The operator will enter the bin
address into the HMI before requesting the move. The
system will check that the tote shuttle is not in the way
before this command will be allowed. The operator must
request this motion via the HMI and then hold the safety
grips to enable the motion.

5.6 PAV Manual Operation

5.6.1 The operator may use the HMI to manually control
the PAV. To access the manual control features, the PAV
must first be put into manual mode. This is done via the
HMI.

5.6.2 Once in manual mode, the operator may use buttons
on the HMI to jog forward and reverse as well as up and
down. To initiate jog motion, the operator must first grasp
and hold one of the hold-to-run safety grips and then must
press and hold the desired jog button on the HMI. The
motion will continue only as long as both the hold-to-run
and the jog button are pressed and will stop as soon as either
is released.

5.6.3 The PAV HMI will also allow manual control of all
aspects of the tote conveyors and other mechanisms that are
part of the PAV.

5.6.4 The PAV logic will limit jogging in the direction of
the tote shuttle such that a safe minimum inter-vehicle
distance is maintained.

5.7 Tote Shuttle Manual Operation

5.7.1 A pendant connected to the tote shuttle will be used
when manual jogging of the tote shuttle is required.

5.7.2 The pendant will include, at a minimum, a dead-man
switch and two-axis jog controls.

5.8 PAV Support of QA Bin Verification

5.8.1 The WMS will be responsible for determining what
bin verifications are necessary on any given day.

5.8.2 The WMS will download bin verification requests to
the FCA in a manner similar to the download of shipment
requests.

5.8.3 The bin verification request will include the bin
designation and the SKU to be verified.

5.8.4 The bin verifications will only be handled by opera-
tors with this role assigned to their login credentials.

5.8.5 The scheduler will schedule bin verifications as a
low priority task and will only schedule them for a PAV
currently operated by a qualified operator.

5.8.6 The PAV will move to the target bin and the bin
verification request data will be displayed to the operator.
This will include the bin designator, the SKU, SKU image,
and SKU description.

5.8.7 The operator will scan the bin label, scan an item of
the indicated SKU, and enter the number of items of that
SKU present in the bin.
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5.8.7.1 If the quantity entered is different from the
expected quantity, then the operator will be informed of the
difference and given an opportunity to re-count the quantity.

5.8.8 The FCA will notify the WMS of the completion of
the bin verification and notify it of any resulting bin data
changes.

5.9 PAV/Tote Shuttle Safety

5.9.1 The PAV will include two sets of safety override
controls for the PAV vertical motion, one within the cab and
one reachable at ground level for use in lowering the PAV
cab. These controls will override the safety circuit for the
vertical axis and allow it to be jogged up or down.

5.9.2 Each PAV and each tote shuttle will have a safety
scanner mounted both front and rear.

5.9.3 Each PAV and each tote shuttle will include emer-
gency stop buttons on the front and rear, reachable from
ground level.

5.9.4 The PAV will include two-hand hold-to-run grips
within the cab. Both grips must be held to enable PAV servo
motion. The grips will be located near the tote loading area
and will be centered side-to-side so as to keep the operator
clear of the shelving.

5.9.5 The PAV will include an emergency stop button and
lanyard within the cab.

5.9.6 The operator will operate the PAV from a standing
position. A safety harness attached to the PAV ceiling will
protect the operator against falls.

5.9.7 The rear side of the PAV cab will be guarded by a
railing/fence to keep the operator from falling out of the
back. The fence will include a small gate used to enter/exit
the PAV cab. The gate will have a lock and a safety switch.

5.10 Replenishment and Inbound Restock

5.10.1 Replenishment

5.10.1.1 Replenishment occurs when the WMS deter-
mines that a SKU from the reserve area is needed.

5.10.1.2 The WMS will issue a request directly to the
replenishment operators. The request will identify the SKU
and quantity.

5.10.1.3 The operator will retrieve an empty tote, either
directly from the incoming empty tote buffer conveyor or
from a stack of totes nearby.

5.10.1.4 The operator will use a customer-supplied appli-
cation to associate the replenishment items with the tote.

5.10.1.5 The quantity of items loaded into the tote may be
to supply multiple bins of the same SKU.

5.10.1.6 Multiple SKU’s may also be loaded into the same
tote.

5.10.1.7 The tote will be placed onto the FCA restock
buffer conveyor at the manual intervention stop.

5.10.2 Inbound Restocking

5.10.2.1 Inbound restocking occurs when inbound stock
arrives at the receiving dock and is loaded directly into totes
which are then immediately released onto the conveyor
system.

5.10.2.2 Inbound restock is based on predictions that are
made far in advance and their release onto the conveyor is
not predicated on the system having a current need for the
parts.

5.10.2.3 The quantity of items loaded into a tote is based
on the quantity received from the vendor and is not directly
related to the quantity in the system.

5.10.2.4 A customer-supplied application will associate
each SKU and SKU quantity to the tote.

5.10.2.5 The tote will be released onto a conveyor that
merges with the empty tote return conveyor and will be
delivered to the FCA floor.
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5.10.3 Before a replenishment or inbound restock tote is
released onto a conveyor, the WMS will update the tote
record in the FCA via a call to the FCA APL

5.10.4 Once the record exists in the FCA database, it
becomes available to the scheduler logic to incorporate into
the tote sequencing plan.

5.11 Offloading Completed Totes

5.11.1 When a tote has been completed by the FCA, the
tote will be transtferred to an outgoing conveyor that leads to
re-bin. Note that the tote-conveyor system may route totes
through the order, storage and retrieval (OSR) shuttle system
or a re-work area before sending them to re-bin.

5.11.2 At re-bin, all items must be removed from the tote
before it is released onto the empty tote return conveyor.

5.11.3 The WMS will update the FCA tote record to
indicate that this tote is now empty.

5.12 Offloading Fulfilled SKU Removal Requests

5.12.1 When a tote returns to the configurator with a
fulfilled SKU removal request (tote filled with the removed
Items), the tote will be transferred to the problem-solving
area.

5.12.2 After the operator removes the items from the tote,
the WMS will update the FCA tote record to indicate that
this tote is now empty.

5.12.3 Note that a SKU removal request is only used when
an existing SKU is no longer needed within the FCA (e.g.,
discontinued, or designated for the manual areas only).

5.13 Bin Data Management

5.13.1 The SKU’s and bins in the storage shelves are
managed directly by the FCA.

5.13.2 Each time that a pick or stow occurs, the FCA will
notify the WMS.

5.13.3 Under certain conditions, the FCA will modify the
SKU assignments of a bin.

5.13.3.1 When a restock occurs, the quantity in the tote
may not fit into the target bin.

5.13.3.1.1 A check will be made to determine if there is
another bin already assigned to the SKU and which has some
room. If so, the tote will be routed to that bin. If not, another
bin will be assigned automatically by the FCA and the tote
will be routed there.

5.13.3.2 When SKU velocity information changes, the
FCA may assign the SKU to another bin.

5.13.3.3 When a pick occurs that empties a bin, the FCA
may decide to unassign the SKU from this bin.

5.13.3.4 The FCA may determine that a SKU needs to be
moved to another bin. If this occurs, it will automatically
issue an Unload request for the old bin, unassign the SKU
from this bin after unloading, reassign the SKU to another
bin, and automatically schedule a stow operation to place the
removed items into this new bin.

5.13.3.5 Any changes to bin assignment will be commu-
nicated from the FCA to the WMS, thus keeping both
systems up to date.

5.14 Alternate Embodiments

5.14.1 FIGS. 7 through 11 identify other embodiments of
the present invention that allow for potential cost and/or
performance enhancements. The common element of these
embodiments is the replacement of the Tote Shuttle System
530 & 402 shown in FIG. 5 with conveyors that provide the
transport of totes to/from the Configurator 510 and a PAV
401. This is a combination of horizontal and vertical con-
veyors. This replacement also allows the change from a
Picker Automated Vehicle (PAV) 401 as shown in FIG. 4 to
a Simplified Picker Automated Vehicle (SPAV) 701 as
shown in FIG. 7. The simplification is the elimination of the
need to store totes on the Picker Automated Vehicle (PAV)
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401 as shown in FIG. 4 while the Tote Shuttle 402 transfers
totes between the PAV and the Configurator 510 as shown in
FIG. 5. In addition, it is possible to implement the tote
sequencing and tote storage functions of the Configurator
510 with a mini-ASRS as shown in FIG. 10 provided the
mini-ASRS has sufficient performance. It is also possible to
replace the human picker with a Picker Robot (PR) as shown
in FIG. 11.

5.15 Timing

5.15.1 The timing identified in FIGS. 16 A-16] represent
the critical timings for the Vertical Conveyors 703. This is
sufficient to demonstrate two Vertical Conveyors 703 can
provide sufficient performance to satisty the needed require-
ments. For the purposes of this diagram that Pick Rate is 6
seconds. These Vertical Conveyors 703 are high perfor-
mance and with two of them servicing the Picker, they
extend the flexibility of the solution. To utilize the two
Vertical Conveyors 703 shown in the diagram, some general
rules need to be applied relative to the operation of the
system. They are:

The up-going and down-going Vertical Conveyors 703
can be modeled identically. That is, they need to pass
through every other tote. In the case of the up-going Vertical
Conveyor 703, the totes passed through will be serviced by
the down-going one. In the case of the down-going Vertical
Conveyor 703, the totes passed over have already been
serviced by the up-going one.

Every effort needs to be made to minimize the number of
totes on any one Vertical Conveyor 703 at the same time. If
not, one can be faced with having to stop too many times to
load/unload totes during a future critical speed move. As
such, it has been assumed there are only two totes on either
one of the static Vertical Conveyors 703 at the same time,
one at the PAV and the other at the entry position to the
Vertical Conveyor 703.

The Vertical Conveyors 703 are known as Vertical Index-
ing Conveyors (VICs). In the case of a VIC with its indexed
positions, the loading and unloading of totes from any one
conveyor can occur at the same time at their respective index
positions.

If the picker needs to move positions, either horizontally
or vertically, that move time can be added to the available
service time for the vertical conveyors.

In the timing diagrams shown in FIGS. 16A-161 it is
assumed the vertical conveyors 703 have eight indexed
positions, each two feet (about 0.65 meters) apart. That
allows for 7 different move increments from one position to
seven positions. The times for each one of those moves are
shown in FIG. 16A and are highlighted with right-slanted
hatching. The right-slanted hatching is subsequently used in
the timing diagrams to show the travel range of the VIC
vertical conveyor 703.

The corresponding 5 move positions and their respective
move times for the picker platform of the Simplified Picker
Automated Vehicle (SPAV) 701 are highlighted with left-
slanted hatching in FIG. 16A. The left-slanted hatching is
subsequently used in the timing diagrams to show the travel
range of the picker platform of the Simplified Picker Auto-
mated Vehicle (SPAV) 701.

It is further assumed the totes enter at the bottom of the
left-hand up-going Vertical Conveyor 703 and exit at the
bottom of the down-going right-hand Vertical Conveyor
703. Once a tote reaches the top position of the lefi-hand
Conveyor 703 it is transported to the top position of the
right-hand Vertical Conveyor 703 on the Top Platform
shown in the first timing diagram in FIG. 16A.
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Using the rules already identified, there are two condi-
tions with their own set of guidelines that have to be
considered in the timing diagrams. The two conditions then
represent every possible permutation of vertical conveyor
703 moves the picker might experience. They are:

Picker Does Not Change Position—In these cases, the
Vertical Conveyors 703 will need to move 7 indexed posi-
tions in two moves and encounter one load/unload time (one
second) regardless. As an example, if the picker is at the top
position, the downward Vertical Conveyor 703 will need to
do one 6-position move down, followed by a load/unload,
followed by another one-position move. In that scenario, it
can be seen the 6-second goal is readily achieved. This same
scenario repeats for other picker positions but the two
different-length moves still need to add up to seven (i.e. 2+5,
3+4, etc.).

Picker Changes Vertical Position—In these cases, the
Vertical Conveyors 703 will need to make three moves
combined with two load/unloads. In the case of the down-
going vertical conveyor 703, these three moves allow the
tote just serviced to be unloaded, the tote that had been
serviced by the up-going vertical conveyor 703 to be
unloaded, and to position the new tote in place for the picker.
No additional moves can ever be required above and beyond
these for a single service time. Even though an additional
move and an additional load/unload are required beyond
those in the first condition, the picker move time can be
added to the available service time.

The worst case is a single index vertical move by the
picker. That only add 2.5 seconds to the 6 seconds of service
time to handle the additional move and load/unload. The
Vertical Conveyor 703 now needs to do its first two moves
with the same guidelines in the first condition where the first
two moves always total seven index positions. These are
then followed by an additional load/unload time and one
additional indexed move. The number of index positions
required for the third move depend on the initial position of
the picker, per the guide shown in FIG. 17.

In the worst case, there is a 4-step move, two 3-step
moves, and two load/unloads. That totals approximately 6
seconds, well within the available 8.5 seconds. These guide-
lines for this condition then apply for any other vertical
move the picker might make. If the picker has to move
further than one vertical position, it just adds more available
service time to the vertical conveyor and with its superior
speed, the Vertical Conveyor 703 can readily keep up.

The sequences identified in the timing diagram shown in
FIG. 16A through FIG. 161 are examples of these two
conditions and as described can readily represent any sim-
plified picker automated vehicle (SPAY) 701 move or
requirement. Any required picker sequence can be supported
by a composite of these conditions. This is analogous to
software objects. In this case, there are only two objects
required to support any type of required picker sequence.
The message passed to the control object just specifies
required ending positions based on the 8 index positions
available in the VICs. Otherwise, the vertical conveyors 703
follow the same routine each and every time. Therefore, it is
very modular with no risk of any unsupported picker
sequence being able to confound the vertical conveyors 703.

The sequences shown in the timing diagram in FIGS.
16A-161 demonstrate the most challenging ending positions
for the two conditions. As a result, every other type of move
will just perform better than the cases shown in the timing
diagrams shown in FIGS. 16A-161. A stream of totes lettered
A through L are used in the timing diagrams shown in FIGS.
16A-16] which indicate how those totes are presented in
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sequence to the picker within the required 6 second pick
time. All the moves are broken down into hundredths of a
second per the move times shown for the vertical conveyors
703 and the picker platform on the simplified picker auto-
mated vehicle (SPAV) 701.

Six-second (6-second) pick cycles are assumed. In the
worst case the next tote for the picker will be in the next
position with a 2.13-second safety margin. Every other
move has a safety margin greater than that. All this infor-
mation is shown in the timing diagrams in FIGS. 16A-16].
In particular, if the picker has to move the picker platform
on the Simplified Picker Automated Vehicle (SPAV) 701 up
or down, it only increases the safety margin by providing
“extra time”. This is due to the fact the picker movements
are far slower than the Vertical Conveyors 703.

To read the timing diagrams shown in FIGS. 16A-161, the
KEY legend for the timing diagrams shown in FIGS. 16A-
161 may be helpful in order to read them (see Key 1 above
and KEY on FIG. 16A). While the timing diagrams shown
in FIGS. 16A-16] are intended to be self-explanatory, the
legend below may provide additional assistance:

The view is facing the two vertical conveyors 703

The left vertical conveyor 703 goes up and the right
vertical conveyor 703 goes down

There are 8 indexed positions for the VIC vertical con-
veyor 703 and it can move any number of steps required
(1-8)

The right-slanted hatching shows the vertical range of the
VIC vertical conveyor 703 and the left-slanted hatching
shows the vertical range of the picker platform of the
simplified picker automated vehicle (SPAV) 701 relative to
the indexed steps

The transfer leg on the top platform is shown separately

The timing diagrams show the different positions of the
tote through the VIC Vertical Conveyors 703 for every
required move with the timer shown in the top of each
“sequence box”

The times to move the indexed steps for the VIC vertical
conveyor 703 and simplified picker automated vehicle
(SPAY) 701 are shown in the table at the left in FIG. 16A
with those times based on their respective specs. Accelera-
tion and deceleration times are considered in all cases.

The actions that have occurred in any “sequence box” are
shown in the box below the timer box

The incoming stream of totes is shown in the lower left
corner of each diagram

The simplified picker automated vehicle (SPAV) 701
platform is shown by the double horizontal lines in the VIC
vertical conveyors 703

The totes with the vertical hatching are serviced by the
up-going VIC vertical conveyor 703 and the totes with the
horizontal hatching are serviced by the down-going vertical
conveyor 703

The tote being serviced by the picker is shown in shaded
gray and the picker has it for 6 seconds in every case

The times shown in in the boxes above the timing
diagrams shown in FIGS. 16 A-16] are the safety margins in
seconds

Load and unloads are from the VIC vertical conveyors
703

The following information should also be noted:

Even though the picker services the totes in an A-L
sequence, the totes have to be presented in a slightly
modified sequence as they enter the vertical conveyors 703.

The sequence of totes entering the vertical conveyors 703
alternates between the horizontal hatched and vertical
hatched totes with the exception of the first time the Vertical
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Conveyors 703 are loaded. In this case, two horizontal
hatched totes need to be loaded first to “prime” the vertical
conveyors 703.

A picker move occurs at time 44.19 seconds. The move is
one slot position down. This minimizes the available “extra
time” referenced earlier and poses the biggest timing chal-
lenge.

The initial sequences of the Vertical Conveyors 703 are
just servicing the picker in one position so it can be seen
once the Vertical Conveyors 703 are “primed”, everything
becomes repeatable.

5.16 Some Various Preferred Embodiments

5.16.1 FIG. 10 show an embodiment of the present
invention where a mini-ASRS 1001 replaces two functions
of the configurator 510, those being tote storage and tote
sequencing. The embodiment shown in FIG. 10, as noted, is
dependent on the performance of the mini-ASRS 1001
and/or the required pick performance of the system which is
the basis of the present invention. If the required perfor-
mance of the mini-ASRS 1001 or the required pick perfor-
mance of the system is too high, an alternate embodiment of
the present invention may need to be utilized.

One such alternate embodiment is shown in FIG. 12,
where the mini-ASRS 1001 and a separate sequencer per-
form the tote storage and tote sequencing functions of the
configurator 510. It should be noted in this configuration,
while the sequencer will ensure all the totes entering the
aisle are in the correct sequence for the picker, it is providing
more of a short-term storage function since totes can be
released individually into the aisles as opposed to a group of
totes all in a specific order as is shown in the original
embodiment of this invention. For consistency however, the
terms sequencer and sequencing are maintained. This sys-
tem is placed on the horizontal conveyors 704 preceding
each aisle. This particular embodiment utilizes new concepts
to perform these functions in the most cost reduced manner
possible. That is one reason this embodiment constitutes one
preferred embodiment.

FIG. 12 shows the key components of this system 1200.
To achieve the best performance and cost for the mini-
ASRS, the X, Y, and 7Z motion typically provided by an
integrated storage retrieval machine (SRMs) 901 & 902 in
an ASRS is replaced by separate components, a mini-ASRS
Shuttle 1205, a mini-ASRS vertical lift with integrated load
handling device (mini-ASRS-VLWILHD) 1206, and mini-
ASRS transfer rails 1207. In this configuration, the mini-
ASRS vertical lift with integrated load handling device 1206
remains static and immovable while the mini-ASRS Shuttle
1205 moves horizontally on the mini-ASRS transfer rails
1207 to provide the necessary X motion.

This configuration allows the required X motion (hori-
zontal movement) to occur and be completed while the
mini-ASRS vertical lift with integrated load handling device
1206 performs the required Y and 7Z motions All these
motions are required in order to retrieve totes from the
Horizontal Conveyors 704, store them in the tote storage
racks on the mini-ASRS Shuttle 1205, and ultimately
retrieve and return them to the Horizontal Conveyors 704
when they are required by the system which is the basis of
the present invention.

Besides offering increased performance (completed Z
motion) this configuration also allows for simpler and less
costly components. The mini-ASRS Shuttle 1205 can be
moved horizontally with a single motor, some type of rotary
to linear motion device like a rack and pinion, and the
movable storage rack. This embodiment can be done much
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more cost effectively than traditional solutions such as
Storage Retrieval Machines (SRMs) 901 & 902, mechanical
gantries, etc.

The sequencing function is then performed with a single
Sequencer Motor 1201, Rotary Clutches 1202, a Rotary
Shaft 1203, and Rotary Motion to Linear Motion Lift
Devices 1204. A Rotary Clutch 1202, the Rotary Motion to
Linear Motion Lift Devices 1204 and the associated frame-
work constitute a single module. The modules are connected
by the Rotary Shaft 1203. Any number of modules can be
interconnected dependent on the number of totes that need
be sequenced. These are all driven by a single motor which
is the reason this design is very cost effective.

A tote on the Horizontal Conveyor 704 can be lifted off
that conveyor once it enters the horizontal arms of one of the
Rotary Motion to Linear Motion Lift Devices 1204. When
that happens the Sequencer Motor 1201 is engaged as is the
Rotary Clutch 1202 of that specific module to lift the tote off
the conveyor to a height that allows other totes to be moved
horizontally on the Horizontal Conveyor 704 beneath it.
This motion can then be reversed when a specific tote is
required by the system which is the basis of the present
invention. These functions together allow the totes entering
an aisle to then be placed in any desired sequence to meet the
requirements of the system which is the basis of the present
invention. One of these modules also provides the function
to raise totes into the mini-ASRS for storage and to lower
them from the mini-ASRS once they are retrieved from
storage.

FIG. 13 show a system 1300 that includes the systems 700
and 1200 and the horizontal conveyor 704 as they would be
implemented in a warchouse aisle. In a typical application of
the system which is the basis of the present invention, a
group of orders, known as a batch, is released to the
warehouse to have their respective SKU’s picked by the
pickers in each aisle, placed in totes, and have those totes
sent to shipping. In other embodiments of this invention, all
the totes which comprise the batch would be interchanged in
the aisles so as to maximize the content of the totes and have
them sent to each aisle when the picker in that aisle was
approaching a SKU which was required to complete the
orders in that batch.

The configuration shown in FIG. 13 is not quite as
efficient in that any tote which is to hold SKU’s for a given
batch only contains SKU’s from a single aisle, not multiple
aisles as in the other embodiments. That means the tote(s)
required to hold all the SKU’s for a batch from any given
aisle continue to be recirculated back into the aisle until all
the SKU’s for that batch have been picked and placed in the
corresponding tote(s). They are then held in their respective
aisles until such time as the last tote of a given batch is
completed. At that time, all the totes that from a given batch
would be released to shipping. While this results in slightly
more totes to complete the batch, it eliminates the need to
send totes between aisles and thus ends up being much more
cost effective.

System 1300 achieves these requirements by transferring
totes that do not yet contain all the necessary SKU’s for a
given batch back into the aisle using the transfer segment
1301 when they are exiting an aisle on the Horizontal
Conveyor 704. These totes can then be stored and/or
sequenced in system 1200 until they are required by system
700. When the tote(s) which hold the SKU’s for a respective
batch have all been completed, the tote(s) are still held in
system 1200 until the entire batch is complete in all the
aisles. At that time, those tote(s) are released from system
1200 on the entry leg of the Horizontal Conveyor 704,
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transferred to the exit leg of the Horizontal Conveyor 704
using the transfer segment 1302, and sent to shipping.

FIG. 15 shows a system 1500 having a plurality of
systems 1300 (such as shown and described for FIG. 13),
which are configured, in some embodiments, to form part of
a warehouse FCA. The resulting simplicity can be noted as
compared to that in FIG. 5. It should be noted both con-
figurations require bin walls (or “put walls” as they are
sometimes commercially known) in shipping.

5.17 Potential Cost and Space Reduction for Some
Embodiments

FIG. 14 shows an alternate implementation that could
result in reduced cost and/or warehouse space. Whether this
implementation can be used depends on the nature of the
inventory in any given warehouse aisle. The order patterns
of that inventory determine how many storage spaces are
required in some other embodiments to implement the
invention. The number of storage spaces combined with the
chosen batch sizes are key factors in determining the overall
system performance. These and other variables need to be
modelled and simulated in software to determine optimum
values.

If simulation indicates satisfactory performance can be
achieved with fewer tote storage spaces, the hardware shown
in FIG. 14 can be utilized. In this case, storage is provided
solely by the set of storage racks 1403 (in some embodi-
ments, four storage racks 1404). The totes are moved into
and out of the storage racks 1404 by vertical elevators 1401
and load handling devices 1402 which together are referred
to as a storage mechanism 1400. Having two storage mecha-
nisms 1400 should provide adequate performance in almost
all cases, provided the tote storage spaces are sufficient.

In this configuration, a storage mechanism 1400 is
required at a minimum on both the outbound and inbound
conveyors 704 to the aisles. This allows the storage of both
outbound and inbound totes with the transfer segment 1301
providing the mechanism to recirculate partially filled totes
back into the aisle until such time the batch order for a given
tote is complete and it is released to the bin wall. This
configuration takes considerably less warehouse space and
will likely provide better costs than some other embodi-
ments, depending on the selection of components.

6.0 Batching and Combined Operations

6.1 A number of batching concepts will be used within the
FCA to consolidate multiple shipments into a small number
of totes 125. The FCA will keep the WMS informed of
batches as follows.

6.1.1 The FCA will create FCA batch ID’s for internal use.
The WMS is not immediately notified of these because these
‘virtual® batches are often transient (e.g., some batches are
later absorbed into larger batches).

6.1.2 If an otherwise non-batched tote is about to exit the
configurator, the FCA will create an FCA batch ID for this
single shipment tote. This is done so that subsequent totes
may be added to this batch as they exit the configurator. This
is explained below in the batching method related to improv-
ing re-bin capacity utilization.

6.1.3 As the lead tote of each batch exits the configurator,
the FCA will issue a Create-WMS-Batch event. The FCA
supplies the FCA-batch ID and the tote ID of the lead tote.
WMS responds by creating a batch record within the WMS
and associating the FCA batch ID and the lead-tote ID to the
WMS-batch ID, and keeping the batch open for further tote
additions.

6.1.4 As each tote exits the configurator, if it is part of an
existing WMS batch, the FCA will issue a Modify WMS
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Batch event, giving the FCA batch ID and the tote ID. WMS
adds the tote to the WMS batch, keeping the batch open for
further additions.

6.1.5 After the last tote of a batch has exited the configu-
rator, the FCA will issue a Complete WMS Batch event,
supplying the FCA batch ID. The WMS will respond to the
Complete WMS Batch event by ‘closing’ the batch or
otherwise recognizing that the WMS now knows about all
totes that make up the batch for OSR purposes.

6.1.6 As totes show up in the OSR, WMS will know if the
batch is complete or if the system is still adding/sending
totes for that batch. The OSR should only release the batch
to re-bin once the batch is known to be complete.

6.1.7 The FCA will have a configurable time limit for how
long it will allow a batch to remain open after the Create-
WMS-Batch event (i.e., after the first tote of the batch has
exited the configurator). That time limit will be taken into
account when making batching decisions and will generally
result in each batch completing at or before that time limit.
This is to avoid a partial batch taking up space in the OSR
for an extended period.

6.2 Opportunistic batching may occur when the PAV is
scheduled to be at a certain bin location to complete an
operation (pick or stow) on a tote and there are other
single-SKU shipments that can be fulfilled from this same
PAV position. If there is room in the tote, based on current
contents and future operations that are already planned for
the tote, then these single-SKU shipments may be added to
this tote if the scheduler determines that this will be more
efficient. Note that this will sometimes result in the operator
picking items into a tote that still contains items to be stowed
at a future PAV location.

6.3 Totes that are already ‘completed’ may be recirculated
to receive additional picks in order to improve overall tote
volume utilization, if this can be done without missing a
CPT.

6.4 A ‘virtual cross-docking” method will evaluate all
restock (inbound or replenishment) totes to determine if
items in the tote can be used to fulfill any active pick
operations. If this is the case, and the scheduler determines
that this will improve efficiency, then the operators will be
directed to stow only the items that are not currently needed
for these picks, thus leaving the required quantities in the
totes. This avoids stowing and then immediately picking,
thus saving both the stow and pick times for these items.

6.5 Large shipments with many SKU’s will be broken up
into smaller clusters of operations so that the operations may
possibly be done in parallel. The scheduler may or may not
schedule these operation clusters for separate totes. If they
are scheduled for separate totes, this will result in the
formation of a multiple tote batch.

6.6 Other conditions, not related to efficiency, will result
in the creation of multiple tote batches.

6.6.1 If the operator indicates that the requested quantity
for some pick cannot fit into the target tote, then the
remaining quantity will be picked to another tote.

6.6.2 Disabling an aisle (and therefore disabling all bins
within the aisle) may cause some picks to become ‘undo-
able’ which may result in multiple tote batches.

6.6.3 Certain problem-solving scenarios may result in
formation of multiple tote batches.

6.7 As totes exit the main configurator onto the outgoing
FCA conveyor, the system will attempt to optimize re-bin
wall utilization by combining successive totes into batches.

6.7.1 System configuration settings will include the maxi-
mum number of shipments per re-bin wall, and the maxi-
mum number of items per re-bin wall.
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6.7.2 As totes are exiting, the system will check to see if
successive totes can be combined without exceeding these
limits. If they can, then they will be combined into a single
batch. This can be done even if the individual totes were
already batches themselves.

7.0 FCA System HMI

7.1 An HMI application will exist on the production floor
to provide high-level system control and visibility. This
application will provide the following functionality:

7.1.1 System overview, showing a graphical representa-
tion of the entire system, including:

7.1.1.1 Status (e.g., empty, completed shipment, full, etc.)
and approximate location of each tote, both on the conveyors
and on the vehicles.

7.1.1.2 Status and approximate location of each vehicle.

7.1.2 Graphs and charts showing key performance indi-
cators for the system over time (e.g., shipments downloaded,
picks completed, stows completed, shipments completed,
etc.).

7.1.3 Graphs and charts showing key performance indi-
cators per aisle/vehicle (e.g., overall equipment effective-
ness (OEE), vehicle motion stats, operator efficiency stats,
etc.).

7.2 Controls will be included that may be used to do the
following:

7.2.1 Bypass/Purge all totes from an aisle (i.e., block new
totes from entering while continuing to process all totes
already within the aisle).

7.2.2 Disable an aisle (i.e., block further totes from being
diverted to an aisle and mark all bins as ‘unusable’).

7.2.3 Enable an aisle.

8.0 General WMS/FCA Interface Requirements

8.1 The entire FCA/WMS interface is through a web-
based API provided by the FCA.

8.1.1 The FCA provides information to the WMS via web
hooks to which the WMS must subscribe.

8.1.2 The WMS provided information to the FCA by
calling methods exposed via the FCA APIL

8.1.3 The FCA does NOT call or otherwise directly access
anything within the WMS.

8.2 Shipments

8.2.1 The WMS will push shipments to the FCA via web
methods provided by the FCA web server. Each shipment is
made up of some number of pick requests, where a pick
request specifies the SKU and quantity of that SKU.

8.2.2 In the rare case of an FCA application restart, the
FCA will notify the WMS of the restart event via a web
hook. The WMS will respond to this event by sending all
outstanding (unfulfilled) FCA shipments. The FCA will
remove any duplicates (i.e., shipments it was already aware
of).

8.2.3 For each shipment, the WMS will provide the list of
required SKUs, the quantity required for each SKU, and the
shipment’s required fulfillment date/time.

8.2.4 The FCA notifies the WMS of all bin data changes,
all pick operation quantities that are completed, and all pick
operation quantities that are currently unfulfillable. If any
portion of a requested pick operation is being reported as
unfulfillable, then the WMS may decide to cancel it within
the FCA (and possibly complete it elsewhere).

8.2.4.1 If the WMS decides that an unfulfillable pick
operation should be cancelled, then it will notify the FCA of
the cancellation, giving the pick operation (defines the SKU
and the quantity) to be cancelled.

8.3 Replenishment and Inbound Restock

8.3.1 The WMS will push restock and replenishment tote
data to the FCA via web methods provided by the FCA web
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server. Restock and replenishment are identical from the
FCA’s point of view. Each record is made up of a tote ID
plus some number of stow requests, where a stow request
specifies a SKU and quantity of that SKU.

8.4 SKU Data

8.4.1 The WMS will maintain knowledge of which SKU’s
are associated with the FCA.

8.4.2 Each time that an FCA-related SKU is added or
modified within the WMS, the SKU data will be pushed to
the FCA. Note that the SKU velocity and dimensions are
critical parts of the SKU definition and so the FCA must be
updated any time this information changes.

8.4.3 For each SKU, the WMS will provide the ID,
description, image, dimensions, weight, and velocity. See
API documentation for additional requirements.

8.4.4 If an existing SKU is to be removed from the FCA
(e.g., if the SKU is discontinued), the WMS will notify the
FCA with a SKU removal request, specifying the SKU to be
removed.

8.4.5 The FCA independently manages the SKU-to-bin
assignments using logic that is optimized for FCA perfor-
mance.

8.5 Tote Data

8.5.1 The WMS will push tote data changes to the FCA
any time that a tote is added or is modified by the WMS,
including:

8.5.1.1 Unloading the tote at re-bin or pack-out.

8.5.1.2 Loading a tote at inbound.

8.5.1.3 Loading a tote at replenishment.

8.5.1.4 As a result of any activities at problem solving.

8.5.1.5 Upon ‘request’ from the FCA. The request would
be made via a web hook for a tote data request ‘event’.

8.5.2 When a tote is emptied, the WMS will update the
FCA to indicate this.

8.53 When a tote is loaded with inbound restock or
replenishment, the WMS will supply the list of SKUs and
the quantity of each SKU. 8.5.4 Note that the WMS must
update the FCA on ALL tote data changes, not just for those
totes that are currently routed to the FCA. This is for many
reasons, including the fact that an operator may grab a tote
from anywhere in the FC and place it directly onto the FCA
conveyors.

8.6 Bin Data

8.6.1 The WMS will only be required to push bin data
updates if changes are made to FCA bin contents without
using the FCA-provided tools. This might happen in a case
where the customer has a need to manually change bin
contents within an aisle without the use of the PAV.

9.0 FCA Interaction with WMS-Controlled Manual Areas

9.1 There will be no direct interaction between the FCA
control system and the WMS-controlled manual areas (e.g.,
re-bin, inbound restock).

9.2 When a shipment requires fulfillment both by the FCA
and by the manual system, the WMS will split the shipment
into two shipments that are related to each other within the
WMS by a batch number. The FCA will be unaware of this
and will simply receive a shipment request that represents
the FCA portion. This shipment will be processed normally
within the FCA and simply released to the outgoing con-
veyor. The batched shipments will be recombined within the
WMS-controlled areas.

9.3 When a tote reaches pack-out, the operator will
remove all product from the tote. The WMS must mark the
tote as empty and send this tote data update to the FCA.

9.4 Restock totes will be entered into the system via one
or more WMS-controlled operator stations. When the tote is
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introduced, the WMS will associate the tote with the restock
request data (SKU’s and quantity per SKU) and will pass
this information to the FCA.

10.0 FCA Warehouse Management (aka, Slotting)

10.1 The FCA will fully manage the assignment of SKU’s
to bins within the FCA warehouse.

10.2 The WMS is responsible for the following:

10.2.1 Notifying the FCA of each new SKU that it has
associated with the FCA.

10.2.2 Notifying the FCA when SKU data is updated (e.g.,
when the velocity changes).

10.2.3 Notifying the FCA when a SKU is to be removed
from the FCA (e.g., when the SKU is being discontinued).

10.3 When a new SKU is to be added to the FCA, the
WMS would first notify the FCA with the new SKU defi-
nition. The WMS would then direct the inbound operators to
load items of this SKU into a tote. The WMS will notify the
FCA of this tote being routed to the FCA. The FCA will
work the new SKU into the slotting plan. The FCA will
direct the tote to the appropriate bin(s) and command the
operator to stow the items.

10.4 When a SKU is to be removed from the FCA, the
WMS will notify the FCA that the SKU is to be removed.
The FCA will schedule one or more empty totes to receive
all remaining items of this SKU, from however many bins
it may currently live in. These totes will be sent to the
problem-solving spur where the operator will be informed
that the product is being removed from the FCA.

10.5 As PAV workload allows, the FCA will actively
manage the SKU-to-bin assignments so as to position the
highest velocity SKUs in the most efficient locations within
the aisles. It will do this by scheduling picks and stows to
move product from one location to another during times of
low PAV/operator utilization.

11.0 Bin Data Handling Details

11.1 The system maintains bin data within the FCA
database for use by the FCA.

11.2 The WMS separately maintains bin data for its own
purposes, including triggering of restock orders to vendors,
etc.

11.3 Each time that the FCA updates bin data internally,
it will inform the WMS via web hooks to which the WMS
has subscribed. This includes:

11.3.1 Modifying SKU to bin associations.

11.3.2 Updating bin-specific SKU quantities after each
pick or stow.

12.0 Tote Data Handling Details

12.1 The system maintains tote tracking data within the
FCA database for use by the FCA.

12.2 The WMS separately maintains tote tracking data for
its own purposes, including tote routing on the tote-con-
veyor system.

12.3 Each time that the FCA updates tote data internally,
it will inform the WMS via web hooks to which the WMS
has subscribed. This includes:

12.3.1 Associating a shipment to a tote.

12.3.2 Updating SKU and SKU quantities after each pick
or stow.

12.3.3 Setting special tote statuses (e.g., empty, problem
tote).

12.4 Each time that the WMS updates tote data, it will
inform the FCA via methods provided in the API.

12.4.1 When an empty tote is loaded onto any tote-
conveyor system, the WMS will inform the FCA that the tote
is empty and where it is routed to.
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12.4.2 When any restock or replenishment tote is loaded
onto any tote-conveyor system, the WMS will inform the
FCA of all SKU’s and SKU quantities in the tote and where
it is routed to.

12.5 If a new tote is loaded onto the conveyor without
being identified by the WMS, the FCA will send the tote to
the problem-solving spur.

13.0 Replenishment Details

13.1 The customer will determine which SKU’s are to be
restocked through the replenishment process.

13.2 Replenishment reserves for the FCA will be located
on the fourth floor. The customer will be responsible for
maintaining this stock by moving pallets up the elevators.

13.3 The FCA will update the WMS with each change in
bin quantity as picks and stows are completed.

13.4 The WMS will make decisions based on bin levels
and generate replenishment requests directly to the replen-
ishment operators via customer-supplied handheld devices.

13.5 The operators will maintain a supply of empty totes
in the replenishment area by periodically pulling empty totes
from the incoming empty tote buffer. They will use these
totes to load with replenishment items.

13.6 A customer-supplied handheld device and related
application code will associate replenishment items with the
tote. SKU’s can be mixed in a tote if desired.

13.7 The WMS will notify the FCA of the contents of the
replenishment tote.

13.8 Once a replenishment tote is fully loaded, the tote
will be placed onto the manual intervention stop on the
restock buffer conveyor.

13.9 An FCA-controlled scanner on the restock buffer
conveyor will read the tote ID and handle the tote appro-
priately.

14.0 Inbound Restock Details

14.1 The customer will determine which SKU’s are to be
restocked through the inbound process and how much
should go to the FCA vs manual areas.

14.2 The operators will maintain a supply of empty totes
in the inbound area. They will use these totes to load with
inbound items.

14.3 A customer-supplied station and related application
code will associate inbound items with the tote. SKU’s can
be mixed in a tote if desired.

14.4 Once an inbound restock tote is fully loaded, the
operator will release the tote and the tote-conveyor system
will deliver the tote to the FCA.

14.5 The WMS will notify the FCA of the inbound restock
tote, providing the tote ID, SKUs, SKU quantities, current
location of the tote, and a timestamp for when it was
released.

14.6 An FCA-controlled scanner on the FCA input con-
veyor will read the tote ID when it arrives and the FCA will
handle the tote appropriately.

15.0 Exception Handling

15.1 Bin location has too few Items (including zero)
remaining to complete a Pick operation.

15.1.1 Operator will enter the actual number of items
picked.

15.1.2 Tote will be updated based on quantity picked.

15.1.3 Bin quantity will be set to zero.

15.1.4 If the SKU exists in another bin, the tote will be
routed to that bin to pick the remaining quantity.

15.1.5 If the SKU does not exist in another bin, the FCA
will mark the remaining pick operation as “‘undoable’ inter-
nally. The completed portion of the shipment may be sent
downstairs. It is up to the WMS to decide if the remaining
pick operation should be cancelled in the FCA.
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15.2 Tote has too few items (including zero) to complete
a stow operation.

15.2.1 Operator will enter the actual number of items
stowed.

15.2.2 Bin will be updated to add the indicated quantity of
the SKU.

15.2.3 Tote will be updated to indicate zero quantity of the
given SKU.

15.2.4 Tote processing continues normally.

15.3 Requested number of pick items will not physically
fit into the tote.

15.3.1 Operator will enter the actual number of items
picked to the tote.

15.3.2 Tote will be updated based on quantity picked.

15.3.3 Bin quantity will be adjusted based on quantity
picked.

15.3.4 The tote will be marked as full.

15.3.5 The remainder of the pick quantity will be assigned
to another tote, with this tote and the original tote forming
a multi-tote batch.

15.4 Bin location has too little room to complete a stow
operation.

15.4.1 Operator will enter the actual number of items
stowed.

15.4.2 Tote will be updated based on quantity stowed.

15.4.3 Bin quantity will be adjusted based on quantity
stowed.

15.4.4 If the SKU exists in another bin and that bin has
room, the tote will be routed to that bin to stow the
remaining quantity.

15.4.5 If the SKU does not exist in another bin or no other
bin for that SKU has room, and there is room in a dynamic
bin, then the FCA will dynamically allocate another bin for
that SKU and the tote will be routed there.

15.4.6 If the FCA can find no bin to stow the remaining
items in, then the tote will be routed to the problem-solving
area on the fourth floor.

15.5 The operator is completing a ‘final stow’ operation
(i.e., the HMI indicates that there should be zero remaining
in the tote after the stow operation) but the quantity in the
tote exceeds the requested quantity.

15.5.1 Operator should attempt to fit the entire quantity
into the target bin, and will then enter the quantity actually
stowed.

15.5.1.1 If the entire quantity was stowed, no further
action is required from the operator since the system will
assume that the tote quantity is zero after the stow operation
is completed.

15.5.1.2 If some quantity remains in the tote, the operator
will indicate this exception and will enter the quantity
remaining in the tote.

15.5.2 Bin quantity will be updated to indicate the quan-
tity actually stowed.

15.53 Tote quantity will be updated to indicate the
quantity remaining (if any).

15.5.4 If the tote quantity is non-zero, then the tote will be
handled the same as when there is insufficient room in a bin.

15.6 Operator drops an Item during a pick, stow, or
unload.

15.6.1 Operator will use the HMI to lower the PAV to
ground level.

15.6.2 Operator will get out and retrieve the dropped
item(s).

15.6.3 Operator will use the HMI to return the PAV to the
bin position.

15.6.4 Operator will complete the operation (pick, stow,
or unload) normally.
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15.7 Operator identifies a defective/damaged Item during
a pick or unload.

15.7.1 Operator will press a button on the HMI to bring
up a Reject Item screen.

15.7.2 The screen will be pre-populated with the Bin and
SKU related to the current operation. The quantity will
default to 1.

15.7.3 The operator may edit the Bin, SKU and quantity.
Note that they might edit the Bin if they notice a damaged
item in a bin other than the one they are currently picking
from. They might edit the SKU if the bin is multi-SKU or if
they are also editing the bin.

15.7.4 Once the data correctly indicates the Bin, SKU,
and quantity, the operator presses OK.

15.7.5 The bin quantity for the SKU will be reduced by
the indicated quantity and this item(s) will be associated
with the reject item container within the PAV.

15.7.6 The operator places the defective item in the
defective item container within the PAV cab.

15.8 Operator identifies a reject/damaged Item during
restock.

15.8.1 Operator will press a button on the HMI to bring
up a Reject Item screen.

15.8.2 The screen will be pre-populated with the Bin and
SKU related to the current operation. The quantity will
default to 1.

15.8.3 The operator may edit the Bin, SKU and quantity.
Note that they might edit the Bin if they notice a damaged
item in a bin other than the one they are currently stowing
to. They might edit the SKU if the bin is multi-SKU or if
they are also editing the bin.

15.8.4 Once the data correctly indicates the Bin, SKU,
and quantity, the operator presses OK.

15.8.5 The bin quantity for the SKU will be reduced by
the indicated quantity and this item(s) will be associated
with the defective item container within the PAV.

15.8.6 The operator places the defective item in the
defective item container within the PAV cab.

15.9 Defective item container needs to be emptied

15.9.1 Operator will use a button on the HMI to request
an empty tote for use as a defective item tote.

15.9.2 The HMI will indicate that a defective item tote has
been requested. The notification will remain on the screen
until a defective item tote has been received.

15.9.3 The scheduler will add a defective item ‘operation’
to the very next plan and will associate an empty tote with
this operation.

15.9.4 When the designated empty tote arrives at the tote
lift, the operation will be identified as ‘place defective items
in tote’.

15.9.5 The operator will transfer any defective items from
the container within the PAV to this tote and indicate that
they have completed this operation.

15.9.6 The system will disassociate the item(s) from the
container and associate them with the tote.

15.9.7 The tote will be routed to the problem-solving area.

15.10 Tote cannot be identified at head of sorter

15.10.1 This can be either due to a no-read or due to no
valid tote record being found.

15.10.2 Tote will be routed to the problem-solving area on
the fourth floor.

15.11 Tote cannot be read at PAV

15.11.1 The operator will be notified of the no-read.

15.11.2 The operator will scan or enter the tote barcode.

15.11.3 The tote will be operated on normally.
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16.0 Problem Solving Spur

16.1 The problem-solving spur itself consists of a diverter
from the main sorter that feeds a simple conveyor that comes
to a ‘dead end’ in the problem-solving area on the fourth
floor. There is no fixed mounted barcode scanner or HMI at
the end of this conveyor.

16.2 The customer is responsible for supplying a handheld
device and problem-solving application software that can
handle all of the following.

16.2.1 Defective product tote.

16.2.1.1 Tote will contain nothing but defective product(s)
that were collected by a PAV operator.

16.2.1.2 Product will be removed by the problem solver.

16.2.1.3 Tote status will be set to “empty” and the FCA
will be notified of the tote data change.

16.2.1.4 Tote may now be used for any purpose or simply
placed onto the manual intervention stop on the empty tote
buffer conveyor.

16.2.2 Tote Rejected by PAV Operator

16.2.2.1 The PAV operator will have the ability to send
any tote to the problem-solving spur. The system will notify
the WMS of the reason for the tote being rejected.

16.2.2.2 When the tote arrives at the problem-solving
spur, the problem solver will address the issue. Any changes
to tote status or tote content must be sent to the FCA.

16.2.3 Unreadable tote barcode.

16.2.3.1 Totes that cannot be read at the head of the sorter
will be routed to the problem-solving spur. Note that since
the FCA could not read the barcode, there is no way for the
FCA to set a special status for the tote. So, the tote will
simply show up with no other ‘problem’ specified. The
operator will need to be trained to recognize this as likely
being due to a bad barcode.

16.2.3.2 The operator must clean or replace the unread-
able barcode on the tote and then release the tote back into
the system via the manual intervention stop on the restock
buffer conveyor.

16.2.4 Unknown tote (i.e., no tote data record).

16.2.4.1 Operator must resolve this by ensuring that the
WMS has data for the tote and that the WMS has notified the
FCA of the tote data.

16.2.5 Removed SKU.

16.2.5.1 If the WMS has decided that a SKU is to be
removed from the FCA (e.g., because the SKU has been
discontinued), it will issue a removal request to the FCA. All
removed items of the SKU will be routed to the problem-
solving spur in one or more totes containing only this SKU.

16.2.5.2 The operator must remove the items from the tote
and set the tote status to “empty.”

16.2.6 Items that could not be stowed.

16.2.6.1 In the rare case that some portion of the content
of a restock or replenishment tote cannot be stowed in the
system, due to not enough bin space remaining anywhere in
the FCA, the un-stowed portion will be routed to the
problem-solving spur once those are the only items remain-
ing in the tote.

16.2.6.2 The operator can either remove the items and
mark the tote as empty, or leave the items in the tote and wait
for another opportunity to release the tote back into the
system via the manual intervention stop on the restock buffer
conveyor.

17.0 Aisle Settings for Bypass/Disable/Enable

17.1 There will be occasions when an aisle must be taken
out of service for various reasons, both planned and
unplanned.
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17.2 Setting an aisle’s status to “Bypassed”

17.2.1 An aisle’s status may be set to Bypassed from the
main system HMI or the PAV HMI within that aisle by an
operator with sufficient rights. The system HMI and affected
PAV HMI will indicate that the aisle is bypassed.

17.2.2 When an aisle is bypassed, no additional totes will
be diverted to this aisle. The FCA and scheduler applications
will stop planning additional totes/sorties for the aisle.

17.2.3 All totes already within the aisle may be processed
normally according to the plans already associated with
them.

17.2.4 Note that any totes outside of the bypassed aisle
that contain restock or replenishment items for SKU’s that
only exist in bins within the bypassed aisle will continue to
circulate, waiting for the aisle to be re-enabled.

17.2.5 Any pick requests that may have been previously
planned for this aisle, but are not already committed to totes
within the aisle, will be re-considered by all other enabled
aisles.

17.2.6 See section 17.4 for guidance on when bypassing
and aisle may be appropriate.

17.3 Disabling an Aisle

17.3.1 An aisle’s status may be set to Disabled from the
main system HMI or the PAV HMI within that aisle by an
operator with sufficient rights. The system HMI and affected
PAV HMI will indicate that the aisle is disabled.

17.3.2 When an aisle is disabled, no additional totes will
be diverted to this aisle. The FCA and scheduler applications
will stop planning additional totes/sorties for the aisle.

17.3.3 Disabling an aisle causes the FCA to immediately
mark all bins within the aisle as disabled. This causes the
system to ignore this product in terms of SKU quantities
available for use within the FCA. It also causes the system
to ignore these SKU-to-bin assignments. Essentially, as far
as the system is concerned, the aisle and the bins within it
do not exist.

17.3.3.1 The FCA will immediately notify the WMS of
the bin status changes. The WMS may decide that certain
pick requests can no longer be serviced within the FCA and
will tell the FCA to cancel these pick requests.

17.3.4 The FCA will delete all plans associated with totes
that are currently within the aisle.

17.3.5 The FCA may internally set certain pick operations
as ‘undoable’ based on lack of available items (due to bins
being disabled). This may result in changes to tote statuses
and also may result in changes in tote batching.

17.3.6 If a shipment relies on a pick request that has been
set as undoable internally by the FCA, the FCA may do the
following:

17.3.6.1 Create a batch (if it didn’t already exist) and send
the completed portion downstairs.

17.3.6.2 Wait on the undoable operation(s) to either
become doable (e.g., aisle re-enabled or additional stock
received) or to be cancelled by the WMS. If the WMS
cancels the undoable operation(s) then the WMS will be
notified that the batch is now complete (i.e., the totes already
released are the last totes of the batch).

17.3.7 Disabling the aisle does not directly disable the
aisle spur conveyors. Totes that are already in the spur will
continue to be processed if possible.

17.3.8 Disabling an aisle does not directly disable the
vehicles in that aisle. All operator controls within the PAV
are still fully functional. However, since all bins have been
disabled, no actual picking or stowing may be done.
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17.4 Enabling an Aisle

17.4.1 A previously disabled aisle may be enabled from
the main system HMI or from the PAV HMI within that aisle,
by an operator with sufficient system rights.

17.4.2 Once an aisle is enabled, or a pending purge has
been cancelled, normal scheduling will immediately resume
for the aisle.

17.4.3 While the aisle was not enabled, the problem solver
will have been updating bin data appropriately if any manual
bin content changes occurred. So, the system will pick back
up with full knowledge of the current state of the bins.

17.4.4 If the aisle had been bypassed, then the system will
assume that its knowledge of tote statuses and locations is
still valid.

17.4.5 If the aisle had been disabled, then the plan data for
any totes within the aisle will have been deleted. Any totes
discovered within the aisle will pass through with no opera-
tions being performed. Operation will only resume after
receiving ‘fresh’ totes that are diverted to the aisle from the
sorter.

18.0 Dealing with Aisle Outages

18.1 Purging an Aisle

18.1.1 If an aisle is operational, but needs to be taken out
of service, an operator with sufficient system rights may
choose to first purge all totes out of the aisle.

18.1.2 They may do this by first setting the aisle status to
Bypassed, and then continuing to process all remaining totes
in the aisle until all totes are completed and released back to
the configurator.

18.2 Momentary Outage

18.2.1 An example of a momentary outage might be at
change of shift, or if the operator needs to retrieve a dropped
item.

18.2.1.1 No special steps need to be taken.

18.2.1.2 The system will continue to plan and operate in
the same way as if an operator simply took a really long time
to complete a pick or stow operation.

18.3 Short-Term Outage

18.3.1 An example of a short-term outage might be when
some number of items were dropped accidentally and it will
take some significant amount of time to clean up (e.g.,
broken bottle of liquid), or some minor vehicle maintenance
must be performed.

18.3.2 The operator would set the aisle to Bypassed.

18.3.3 If'the outage occurs close to a critical pull time, and
product within the bypassed aisle is required to fulfill them,
then some shipments may miss their ship time.

18.3.3.1 In order to give all totes their best opportunity of
completing prior to CPT, the operator may choose to purge
all totes out of the aisle by continuing to process all existing
totes after putting the aisle into bypass.

18.3.4 Once the issue is resolved, the aisle may simply be
enabled.

18.4 Long-Term Outage

18.4.1 An example of a long-term outage might be when
some major part of the aisle has failed, such as the power rail
or some portion of the conveyor spur. Another example
would be a major vehicle failure with no spare vehicle
available to swap in its place.

18.4.1.1 Note that if a long-term outage is a planned
outage (not as a result of an immediate failure) then the
suggested approach would be to first put the aisle into
Bypass and purge all totes out of the aisle by completing all
operations on these existing totes, and then switching to
Disabled.

18.4.2 If totes are ‘stuck’ in the aisle, the operator should
remove them. The totes may be transferred to the outgoing
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configurator spur conveyors or they may be removed and
reintroduced at the manual intervention stop on the restock
buffer conveyor. See section

5.5.1 for vehicle manual functions that can aid in this.

18.4.3 If the customer determines that the outage will be
long enough to warrant it, then they may choose to relocate
material from the disabled aisle to other aisles within the
FCA or to other (manual) areas in the FC.

18.4.3.1 If product is removed from a bin, the problem
solver must use their customer-supplied tools to notify the
FCA of the SKU, SKU quantity, and bin for each group of
items removed.

18.4.3.2 To relocate to another aisle in the FCA, the
problem solver must use their customer-supplied tools to
associate the product with a tote and introduce the tote onto
the manual intervention stop on the restock buffer conveyor.
This is the same as introducing any other restock or replen-
ishment.

19.0 PAV Operator Logins, Roles, and Permissions

19.1 The customer will not be managing operator logins
on their network (i.e., no Active Directory entries), so
operator logins will be managed within the FCA database.

19.2 The FCA will support multiple operator roles that
can be assigned to individual operator logins, with each role
having a defined set of permissions in the system.

19.3 Initially, a set of “generic’ operator logins (one login
per role) will be defined. The operators will share these
logins. The customer may add personalized operator logins
to the system if they choose to do so.

19.4 Logins will be managed via a simple interface
provided on the system HMI.

The following operator roles in Table 5 will be supported.

TABLE 5
PAV QA Bin Full Manual Disabling/
Oper-  Verifi- Control (e.g. Enabling Manage
Role ation cation Jogging Servos) Lanes Logins
Operator X
QA Operator X X
Maintenance X X X
Supervisor X X X X X
20.0 FCA Database and Scheduler Implementation
Details
20.1 These systems will be hosted on two physical
Servers.
20.2 Each server will host one instance each of the

Scheduler, the API web server, and the FCA database.

20.3 One server will host the ‘live’ Scheduler instance
along with the ‘backup’ instances of the API web server and
the FCA database.

20.4 The other server will host the ‘live’ instances of the
API web server and the FCA database along with the
‘backup’ instance of the Scheduler.

20.5 If the live instance of one of the applications fails, the
backup instance on the other server will take over.

20.6 The Scheduler and the API applications do not
require persistent data and therefore can fail-over without
the need for data replication.

20.7 The FCA database instances will be mirrored to
support fail-over.

20.8 There are certain failure modes that will result in the
loss of some number of ‘events’ (e.g., tote data change, etc.).
Thus, when a fail-over occurs, totes that are at certain critical



US 11,142,399 B2

57

locations (e.g., at the operator location on a PAV) may be
routed to the problem-solving area for verification/correc-
tion of the tote data.

20.9 The system will notify the WMS of any fail-over/
restart event. The WMS will respond to this by re-sending
the most recently sent shipments. The system will use the
unique shipment ID’s to filter out any redundant records.

21.0 Configurable System Settings

21.1 The system will have a number of configurable
system settings that can be used to modify the overall system
behavior. The following is a partial list, along with what are
expected to be the initial values. It is fully expected that
these values will be modified as the real system’s perfor-
mance is evaluated.

21.1.1 Number of re-bin wall slots (used as the maximum
number of shipments per batch)—60

21.1.2 Maximum number of items (units) per batch—300

21.1.3 Pick operation cluster size (number of pick opera-
tions in a ‘cluster’ when breaking large shipments into
smaller units of work)—3 SKU’s

21.1.4 Batch completion time limit (maximum time from
when the first tote of a batch exits the configurator to when
the last tote should exit)}—10 minutes

21.1.5 Maximum number of SKU’s that may be mixed in
a bin—5

21.1.6 Maximum fill percent by volume when planning
SKU-to-bin assignments—80%

21.1.7 Maximum fill percent by volume when planning
tote usage—80%

Some embodiments of the invention use one or more
features shown and described for the figures herein. Some
embodiments of the invention use one or more features
shown and described in the patents and patent applications
incorporated herein by reference combined with one or more
features shown and described for the figures herein.

In some embodiments, the present invention provides a
method for order fulfillment, the method including: storing
items in bins located along one or more sides of an aisle;
moving a human operator picker and totes in a guided
vehicle moving along the aisle; sequentially presenting to
the human operator picker identifications of items to be
picked from the bins and stowed in the totes; and collecting
the totes for shipment to customers. In some such embodi-
ments, the items are identified by stock-keeping unit (SKU)
identifiers.

In some embodiments, the present invention provides an
apparatus that includes: an automatically guided vehicle
(AGV) that carries a human picker; a holder attached to the
AGYV, wherein the holder holds a plurality of shipping
containers, wherein the AGV moves to a successive plurality
of inventory stock bins so the human picker successively
retrieves each of a plurality of stock items from the stock
bins and places the respective items in preselected ones of
the plurality of shipping containers based on a customer
shipment order.

In some embodiments, the present invention provides an
apparatus for order fulfillment, the apparatus including:
means for storing items, wherein the means for storing are
located along one or more sides of an aisle; means for
moving a human picker and totes along the aisle; means for
sequentially presenting to the human picker identifications
of items to be picked from the bins and stowed in the totes;
and means for collecting the totes for shipment to customers.

In some embodiments, the present invention provides a
method for order fulfillment, the method including storing
items in bins located along one or more sides of an aisle;
moving a picker and a first plurality of totes in a guided
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vehicle moving along the aisle; sequentially presenting to
the picker identifications of items to be picked from the bins
and stowed in the first plurality of totes to form processed
totes; and collecting the processed totes for shipment to
customers.

In some embodiments of the method, the items are
identified by stock-keeping unit (SKU) identifiers. In some
embodiments, the guided vehicle includes a second plurality
of restock totes that contain restock items, the method
further including presenting to the picker identifications of
the restock items to be placed into at least some of the bins
from the second plurality of restock totes.

In some embodiments, the method further includes con-
figuring the first plurality of totes to be processed in the
aisle; and shuttling the configured first plurality of totes to
the guided vehicle. In some embodiments, the method
further includes configuring the first plurality of totes to be
processed in the aisle, wherein the configuring includes
determining a place and time to couple the first plurality of
totes with the guided vehicle; shuttling the configured first
plurality of totes to the guided vehicle; and coupling the first
plurality of totes to the guided vehicle. In some embodi-
ments, the collecting of the processed totes includes: uncou-
pling the processed totes from the guided vehicle; and
shuttling the uncoupled processed totes away from the
guided vehicle.

In some embodiments of the method, the picker is a
human operator picker, and wherein the guided vehicle
includes a cab for holding the human operator picker, the
method further including positioning the cab so that the
human operator picker has access to the items to be picked
from the bins and stowed in the first plurality of totes.

In some embodiments of the method, the picker is a
human operator picker, the method further including iden-
tifying one or more defective items in the bins; providing the
human operator picker with a defective-item tote; stowing
the one or more defective items in the defective-item tote;
and diverting the defective-item tote away from the first
plurality of totes to a problem-solving spur.

In some embodiments the method further includes con-
figuring the first plurality of totes to be processed in the
aisle; and shuttling the configured first plurality of totes to
the guided vehicle, wherein the shuttling includes moving
the first plurality of totes to the aisle on an input conveyor,
wherein the collecting of the processed totes includes:
uncoupling the processed totes from the guided vehicle; and
shuttling the uncoupled processed totes away from the
guided vehicle and to an output conveyor that takes the
uncoupled processed totes away from the aisle.

In some embodiments, the method further includes ver-
tically moving at least a first one of the first plurality of totes
on the guided vehicle. In some embodiments, the method
further includes horizontally moving at least a first one of the
first plurality of totes on the guided vehicle.

In some embodiments, the present invention provides a
system that includes an automatically guided vehicle (AGV)
that carries a picker; and a holder attached to the AGYV,
wherein the holder holds a first plurality of totes, wherein the
AGV moves to a successive plurality of inventory stock bins
in an aisle so the picker successively retrieves each of a
plurality of stock items from the stock bins and places the
respective items in preselected ones of the first plurality of
totes based on a customer shipment order to form a plurality
of processed totes.

In some embodiments, the system further includes a
configurator that configures the first plurality of totes to be
processed based on the customer shipment order; and an
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input shuttle configured to move the first plurality of totes
from the configurator to the holder of the AGV. In some
embodiments, the picker is a human picker, wherein the
AGYV includes a cab for holding the human picker, and
wherein the cab is configured to be positioned such that the
human picker has access to the plurality of stock items. In
some embodiments, the holder further holds a second plu-
rality of restock totes that contain restock items to be placed
into preselected ones of the stock bins.

In some embodiments of the system, the holder is con-
figured to place each one of the first plurality of totes in a
plurality of vertical positions on the holder. In some embodi-
ments, the holder is configured to place each one of the first
plurality of totes in a plurality of horizontal positions on the
holder.

In some embodiments of the system, the picker is a human
picker, wherein the holder includes a tote-lift mechanism
configured to present an incoming tote at an angle for the
human picker.

In some embodiments, the system further includes an
output shuttle configured to move the plurality of processed
totes away from the AGV. In some embodiments, the system
further includes a configurator that configures the first
plurality of totes to be processed based on the customer
shipment order, wherein the configurator includes an input
conveyor and an output conveyor; an input shuttle config-
ured to move the first plurality of totes from the input
conveyor of the configurator to the holder of the AGV; and
an output shuttle configured to move the plurality of pro-
cessed totes away from the AGV and to the output conveyor
of the configurator.

In some embodiments of the system, the picker is a human
operator picker, wherein the holder further holds at least a
first defective-item tote, wherein defective items identified
by the human picker are stowed in the at least first defective-
item tote, the system further including an output conveyor
configured to move totes away from the aisle; an output
shuttle configured to move the plurality of processed totes
and the at least first defective-item tote away from the AGV
and to the output conveyor, wherein the output conveyor
includes a diverter configured to divert the at least first
defective-item tote away from the plurality of processed
totes and toward a problem-solving spur.

In some embodiments, the system further includes a
scheduler configured to plan when and how all pick and stow
operations are to be performed; and a configurator that
controls tote movements based at least in part on plans
provided by the scheduler. In some embodiments, the system
further includes a scheduler configured to plan when and
how all pick and stow operations are to be performed; a
configurator that controls movements of the first plurality of
totes to be processed based at least in part on plans provided
by the scheduler, wherein the configurator includes an input
conveyor and an output conveyor; an input shuttle config-
ured to move the first plurality of totes from the input
conveyor of the configurator to the holder of the AGV; and
an output shuttle configured to move the plurality of pro-
cessed totes away from the AGV and to the output conveyor
of the configurator.

In some embodiments, the present invention provides an
apparatus for order fulfillment, the apparatus including
means for storing items, wherein the means for storing are
located along one or more sides of an aisle; means for
moving a picker and totes along the aisle; means for sequen-
tially presenting to the picker identifications of items to be
picked from the bins and stowed in the totes; and means for
collecting the totes for shipment to customers.
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In some embodiments, the apparatus further includes
means for planning when and how all pick and stow opera-
tions are to be performed; and means for controlling move-
ment of the totes based at least in part on plans generated by
the means for planning. In some embodiments, the means
for moving the picker and totes includes means for moving
placing the totes in a plurality of vertical positions and a
plurality of horizontal positions.

In some embodiments, the present invention provides a
method for order fulfillment, the method including: storing
items in bins located along one or more sides of an aisle;
moving a human operator picker and totes in a guided
vehicle moving along the aisle; sequentially presenting to
the human operator picker identifications of items to be
picked from the bins and stowed in the totes; and collecting
the totes for shipment to customers. In some such embodi-
ments, the items are identified by stock-keeping unit (SKU)
identifiers.

In some embodiments, the present invention provides an
apparatus that includes: an automatically guided vehicle
(AGYV) that carries a human picker; a holder attached to the
AGYV, wherein the holder holds a plurality of shipping
containers, wherein the AGV moves to a successive plurality
of inventory stock bins so the human picker successively
retrieves each of a plurality of stock items from the stock
bins and places the respective items in preselected ones of
the plurality of shipping containers based on a customer
shipment order.

In some embodiments, the present invention provides an
apparatus for order fulfillment, the apparatus including:
means for storing items, wherein the means for storing are
located along one or more sides of an aisle; means for
moving a human picker and totes along the aisle; means for
sequentially presenting to the human picker identifications
of items to be picked from the bins and stowed in the totes;
and means for collecting the totes for shipment to customers.

In some embodiments, the present invention provides a
method for order fulfillment, the method including: storing
items in bins located along at least a first side of a first aisle;
moving a first guided vehicle horizontally along the first
aisle; conveying horizontally, along a first horizontal tote
path that runs parallel to the first side of the first aisle, a first
sequence of totes moving to the first guided vehicle; con-
veying vertically each tote of the first sequence of totes to a
plurality of vertical locations, each of the plurality of loca-
tions being at different heights next to the first guided
vehicle; sequentially picking items to be picked from the
bins and stowing the picked items in the first sequence of
totes; conveying horizontally, along the first aisle, the first
sequence of totes moving away from the first guided vehicle
to an end of the first aisle; and collecting the picked items
from the first sequence of totes into shipping containers for
shipment to customers.

In some embodiments, the first guided vehicle carries a
human operator picker, and the sequential picking of items
from the bins is performed by the human picker, and the
method further includes: moving horizontally the first
guided vehicle to a first selected horizontal location along
the first aisle and moving vertically a first selected tote of the
plurality of totes to a first selected one of a plurality of
different tote heights, such that the first selected tote is next
to a first selected bin; and moving vertically the human
picker to a first selected one of a plurality of different picker
heights such that the human picker is next to the first
selected tote and the first selected bin so that the human
picker picks a first selected item from the first selected bin
and places the first selected item into the first selected tote.
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In some embodiments, the first guided vehicle carries a
robotic picker, the sequential picking of items from the bins
is performed by the robotic picker, and the method further
includes: moving horizontally the first guided vehicle to a
first selected horizontal location along the first aisle and
moving vertically a first selected tote of the plurality of totes
to a first selected one of a plurality of different tote heights,
such that the first selected tote is next to a first selected bin;
and moving vertically the robotic picker to a first selected
one of a plurality of different picker heights such that the
robotic picker is next to the first selected tote and the first
selected bin so that the robotic picker picks a first selected
item from the first selected bin and places the first selected
item into the first selected tote.

In some embodiments, the conveying horizontally of the
first sequence of totes to the first guided vehicle and the
conveying horizontally of the first sequence of totes from the
first guided vehicle to the end of the first aisle are performed
on parallel horizontal tote paths, and the totes moving
towards the first guided vehicle and the totes moving away
from the first guided vehicle are moving in opposite hori-
zontal directions.

In some embodiments, the conveying horizontally of the
first sequence of totes to the first guided vehicle and the
conveying horizontally of the first sequence of totes from the
first guided vehicle to an end of the first aisle at a first end
of the first aisle are performed on parallel horizontal tote
paths in opposite horizontal directions from and to a first end
of' the first aisle, and the method further includes: conveying
horizontally a second sequence of totes to the first guided
vehicle; conveying vertically each tote of the second
sequence of totes to a plurality of vertical locations, each of
the plurality of locations being at different heights next to the
first guided vehicle; sequentially picking items to be picked
from the bins and stowing the picked items in the second
sequence of totes; conveying horizontally the second
sequence of totes from the first guided vehicle to a second
end of the first aisle.

In some embodiments, the conveying horizontally along
the first aisle of the first sequence of totes to the first guided
vehicle and the conveying horizontally of the first sequence
of totes from the first guided vehicle are both performed on
a first horizontal tote path moving in a single horizontal
direction from a first end of the first aisle to a second end of
the first aisle, and the method further includes: conveying
horizontally a second sequence of totes on a second hori-
zontal tote path along the first aisle to the first guided vehicle
from the second end of the first aisle; conveying vertically
each tote of the second sequence of totes to a plurality of
vertical locations, each of the plurality of locations being at
different heights next to the first guided vehicle; sequentially
picking items to be picked from the bins and stowing the
picked items in the second sequence of totes; and conveying
horizontally the second sequence of totes on the second
horizontal tote path from the first guided vehicle to the first
end of the first aisle.

In some embodiments, the conveying horizontally of the
first sequence of totes to the first guided vehicle and the
conveying horizontally of the first sequence of totes from the
first guided vehicle to the end of the aisle are performed on
a single horizontal tote path in a single horizontal direction.

In some embodiments, the conveying vertically each tote
to each of the plurality of vertical locations is performed
along a first upward vertical tote path and a first downward
vertical tote path in opposite vertical directions, and the
method further includes: horizontally transferring the
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sequence of totes between the first upward vertical tote path
and the first downward vertical tote path.

In some embodiments, the conveying horizontally of the
first sequence of totes to the first guided vehicle and the
conveying horizontally of the first sequence of totes from the
first guided vehicle to the end of the first aisle are performed
on a single horizontal tote path in a single horizontal
direction, the conveying vertically each tote to each of the
plurality of vertical locations is performed along a first
upward vertical tote path and a first downward vertical tote
path in opposite vertical directions, and the method further
includes: horizontally transferring the sequence of totes
between the first upward vertical tote path and the first
downward vertical tote path.

In some embodiments, the moving of the first guided
vehicle along the first aisle includes: supporting the first
guided vehicle from below only on a first vehicle ground
path located only on a single side of the first horizontal tote
path; supporting the first guided vehicle from above on at
least a first upper track, wherein the first upper track is
parallel to the first vehicle ground path; and moving the first
guided vehicle to a plurality of different horizontal locations
along the first aisle.

In some embodiments, the conveying horizontally, along
the first aisle, the first sequence of totes moving away from
the first guided vehicle to an end of the first aisle is done on
a second horizontal tote path that runs parallel to and in an
opposite direction to the conveying horizontally, along the
first horizontal tote path, of the first sequence of totes
moving to the first guided vehicle, and the moving of the first
guided vehicle along the first aisle includes: supporting the
first guided vehicle from below only on a first vehicle
ground path located between the first horizontal tote path
and the second horizontal tote path; supporting the first
guided vehicle from above on at least a first upper track,
wherein the first upper track is parallel to the first vehicle
ground path; and moving the first guided vehicle to a
plurality of different horizontal locations along the first aisle.

Some embodiments of the method further include: con-
veying horizontally, along a second horizontal tote path that
runs parallel to the horizontal tote path, a second sequence
of totes arriving to the first guided vehicle from a direction
opposite the direction of the first sequence of totes arriving
to the first guided vehicle; conveying vertically each tote of
the second sequence of totes to a plurality of vertical
locations, each of the plurality of locations being at different
heights next to the first guided vehicle; sequentially picking
items to be picked from the bins and stowing the picked
items in the second sequence of totes; conveying horizon-
tally, along the first aisle, the second sequence of totes
moving away from the first guided vehicle to an end of the
first aisle.

Some embodiments of the method further include: storing
items in bins located along both sides of a second aisle;
moving the first guided vehicle to a second aisle; conveying
horizontally, along a horizontal tote path that runs parallel to
sides of the second aisle, a second sequence of totes moving
to the first guided vehicle; conveying vertically each tote of
the second sequence of totes to a plurality of vertical
locations, each of the plurality of locations being at different
heights next to the first guided vehicle; sequentially picking
items to be picked from the bins and stowing the picked
items in the second sequence of totes; conveying horizon-
tally, along the second aisle, the second sequence of totes
moving away from the first guided vehicle to an end of the
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second aisle; and collecting the picked items from the
second sequence of totes into shipping containers for ship-
ment to customers.

In some embodiments, the present invention provides a
method for order fulfillment, the method including: storing
items in bins located along one or more sides of an aisle;
moving a human operator picker and totes in a guided
vehicle moving along the aisle; sequentially presenting to
the human operator picker identifications of items to be
picked from the bins and stowed in the totes; and collecting
the totes for shipment to customers. In some embodiments,
the items are identified by stock-keeping unit (SKU) iden-
tifiers. In some embodiments, the guided vehicle includes a
second plurality of restock totes that contain restock items,
and the method further includes presenting to the human
operator picker identifications of the restock items to be
placed into at least some of the bins from the second
plurality of restock totes.

In some embodiments, the present invention provides an
apparatus for order fulfillment, the apparatus including:
means for storing items in bins located along at least a first
side of a first aisle; means for moving a first guided vehicle
moving along the first aisle; means for conveying horizon-
tally, along a first horizontal tote path that runs parallel to the
first side of the first aisle, a first sequence of totes moving to
the first guided vehicle; means for conveying vertically each
tote of the first sequence of totes to a plurality of vertical
locations, each of the plurality of locations being at different
heights next to the first guided vehicle; means for sequen-
tially picking items to be picked from the bins and stowing
the picked items in the first sequence of totes; means for
conveying horizontally, along the first aisle, the first
sequence of totes moving away from the first guided vehicle
to an end of the first aisle; and means for collecting the
picked items from the first sequence of totes into shipping
containers for shipment to customers.

In some embodiments of the apparatus, the first guided
vehicle carries a human operator picker, and wherein the
sequential picking of items from the bins is performed by the
human picker, and the apparatus further includes: means for
moving horizontally the first guided vehicle to a first
selected horizontal location along the first aisle and moving
vertically a first selected tote of the plurality of totes to a first
selected one of a plurality of different tote heights, such that
the first selected tote is next to a first selected bin; and means
for moving vertically the human picker to a first selected one
of a plurality of different picker heights such that the first
selected to the human picker is next to the first selected tote
and the first selected bin so that the human picker picks a
first selected item from the first selected bin and places the
first selected item into the first selected tote.

In some embodiments of the apparatus, the means for
conveying vertically each tote to each of the plurality of
vertical locations is performed along a first upward vertical
tote path and a first downward vertical tote path in opposite
vertical directions, the apparatus further comprising: means
for horizontally transferring the sequence of totes between
the first upward vertical tote path and the first downward
vertical tote path.

In some embodiments, the present invention provides an
apparatus for order fulfillment from stored items in a plu-
rality of bins located along at least a first side of a first aisle.
This apparatus includes: a first guided vehicle configured to
move horizontally along the first aisle; a first horizontal
tote-conveyor system positioned along a first horizontal tote
path that runs parallel to the first side of the first aisle,
wherein the horizontal tote-conveyor system moves a first
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sequence of totes to the first guided vehicle; a first vertical
tote-conveyor system operatively coupled to the first guided
vehicle and configured to convey vertically each tote of the
first sequence of totes to a plurality of vertical locations,
wherein each of the plurality of locations of the first vertical
tote-conveyor system is at a different height relative to the
first guided vehicle; and a first picker platform operatively
coupled to the first guided vehicle and configured to moves
to one of a plurality of vertical positions to facilitate the
movement of picked items from the plurality of bins to stow
in the first sequence of totes; wherein the first horizontal
tote-conveyor system moves the first sequence of totes away
from the first guided vehicle to a first end of the first aisle.

In some embodiments of the apparatus, the first guided
vehicle is configured to carry a human operator picker, the
human picker sequentially picks items from the plurality of
plurality of bins and stows the picked items in the first
sequence of totes, and the apparatus includes: a horizontal
vehicle-motion system operatively coupled to the first
guided vehicle and configured to move the first guided
vehicle to a first selected horizontal location along the first
aisle, wherein the first vertical tote-conveyor system moves
a first selected tote of the plurality of totes vertically to a first
selected one of a plurality of different tote heights, such that
the first selected tote is next to a first selected bin; and a
vertical picker-motion system operatively coupled to the
first guided vehicle and configured to move the human
picker vertically to a first selected one of a plurality of
different picker heights such that the the human picker is
next to the first selected tote and the first selected bin to pick
a first selected item from the first selected bin and place the
first selected item into the first selected tote.

Some embodiments of the apparatus further include: a
robotic picker operatively coupled to the first guided vehicle
and configured to sequentially pick items from the plurality
of bins; a horizontal vehicle-motion system operatively
coupled to the first guided vehicle and configured to move
the first guided vehicle horizontally to a first selected
horizontal location along the first aisle, wherein the first
vertical conveyor system moves a first selected tote of the
plurality of totes vertically to a first selected one of a
plurality of different tote heights, such that the first selected
tote is next to a first selected bin; and a vertical picker-
motion system operatively coupled to the first guided
vehicle and configured to move the robotic picker to a first
selected one of a plurality of different picker heights such
that the first selected to the robotic picker is next to the first
selected tote and the first selected bin so that the robotic
picker picks a first selected item from the first selected bin
and places the first selected item into the first selected tote.

In some embodiments of the apparatus, the first horizontal
tote-conveyor system includes a plurality of parallel hori-
zontal tote paths, the first sequence of totes moves towards
the first guided vehicle on a first one of the plurality of
parallel horizontal tote paths and the first sequence of totes
moves away from the first guided vehicle on a second one
of the plurality of parallel horizontal tote paths in opposite
horizontal directions.

In some embodiments of the apparatus, the first horizontal
tote-conveyor system includes a plurality of parallel hori-
zontal tote paths, wherein the first sequence of totes move
towards the first guided vehicle on a first one of the plurality
of parallel horizontal tote paths and the first sequence of
totes move away from the first guided vehicle on a second
one of the plurality of parallel horizontal tote paths in
opposite horizontal directions from and to a first end of the
first aisle, wherein the first horizontal tote-conveyor system
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is configured to convey horizontally a second sequence of
totes to the first guided vehicle from a second end of the first
aisle; and wherein the apparatus further includes: a second
vertical tote-conveyor system operatively coupled to the first
guided vehicle and configured to convey vertically each tote
of the second sequence of totes to a plurality of vertical
locations, wherein each of the plurality of locations on the
second vertical tote-conveyor system is at a different height
relative to the first guided vehicle, wherein items are sequen-
tially picked from the plurality of bins and stowed in the
second sequence of totes, and wherein the first horizontal
tote-conveyor system conveys the second sequence of totes
horizontally from the first guided vehicle to a second end of
the first aisle.

In some embodiments of the apparatus, the first horizontal
tote-conveyor system includes a first horizontal tote path,
wherein the first sequence of totes move towards the first
guided vehicle on the first horizontal tote path from a first
end of the first aisle, and the first sequence of totes move
away from the first guided vehicle on the first horizontal tote
path towards a second end of the first aisle, wherein the first
horizontal tote-conveyor system is configured to convey
horizontally a second sequence of totes to the first guided
vehicle on a second horizontal path from the second end of
the first aisle, and the second sequence of totes move away
from the first guided vehicle on the second horizontal tote
path towards the first end of the first aisle; and the apparatus
further includes: a second vertical tote conveyor system
operatively coupled to the first guided vehicle and config-
ured to move each tote of the second sequence of totes
vertically to a plurality of vertical locations, each of the
plurality of locations being at different heights next to the
first guided vehicle such that each respective selected tote of
the second sequence of totes is next to a respective selected
bin of the plurality of bins at successive time periods to
facilitate the pick of a selected item from the respective
selected bin and stow of the selected item into the respective
selected tote to form a loaded tote, and wherein the first
horizontal tote-conveyor system horizontally conveys the
second sequence of totes on the second horizontal tote path
from the first guided vehicle to the first end of the first aisle.

In some embodiments of the apparatus, the first horizontal
tote-conveyor system has a single horizontal tote path on
which the first sequence of totes is horizontally conveyed to
the first guided vehicle and on which of the first sequence of
totes are horizontally conveyed from the first guided vehicle
to the end of the aisle in a single horizontal direction.

In some embodiments of the apparatus, the first vertical
tote-conveyor system includes a mechanism that moves
totes along a first upward vertical tote path and a mechanism
that moves totes along a first downward vertical tote path in
opposite vertical directions, the apparatus further including:
a horizontal tote-transfer mechanism operatively coupled to
the first guided vehicle and configured to move the first
sequence of totes between the first upward vertical tote path
and the first downward vertical tote path.

In some embodiments of the apparatus, the first horizontal
tote-conveyor system has a single horizontal tote path on
which the first sequence of totes is horizontally conveyed to
the first guided vehicle and on which of the first sequence of
totes are horizontally conveyed from the first guided vehicle
to the end of the aisle in a single horizontal direction; and
wherein the first vertical tote-conveyor system vertically
conveys each tote to each of the plurality of vertical loca-
tions is along a first upward vertical tote path and along a
first downward vertical tote path, the apparatus further
including: a horizontal tote-transfer mechanism operatively

10

15

20

25

30

35

40

45

50

55

60

65

66

coupled to the first guided vehicle and configured to move
the first sequence of totes between the first upward vertical
tote path and the first downward vertical tote path.

Some embodiments of the apparatus further include: a
lower support operatively coupled to the first guided vehicle
to support the first guided vehicle from below only on a first
vehicle ground path located only on a single side of the first
horizontal tote path; an upper support operatively coupled to
the first guided vehicle to support the first guided vehicle
from above on at least a first upper track, wherein the first
upper track is parallel to the first vehicle ground path; and a
motion device operatively coupled to the first guided vehicle
to move the first guided vehicle successively to a plurality of
different horizontal locations along the first aisle.

In some embodiments of the apparatus, the first horizontal
tote-conveyor system includes a first horizontal tote con-
veyor that moves the first sequence of totes along the first
aisle away from the first guided vehicle along the first
horizontal tote path and a second horizontal tote conveyor
that is parallel to and moves totes in an opposite direction to
the first horizontal tote conveyor that moves a second
sequence of totes away from the first guided vehicle to a
second end of the first aisle on a second horizontal tote path
that, and the apparatus further includes: a lower support
operatively coupled to the first guided vehicle to support the
first guided vehicle from below only between the first
horizontal tote conveyor and the second horizontal tote
conveyor along a first vehicle ground path; an upper support
operatively coupled to the first guided vehicle to support the
first guided vehicle from above on at least a first upper track,
wherein the first upper track is parallel to the first vehicle
ground path; and a motion device operatively coupled to the
first guided vehicle to move the first guided vehicle succes-
sively to a plurality of different horizontal locations along
the first first vehicle ground path.

In some embodiments of the apparatus, the first horizontal
tote-conveyor system includes a first horizontal tote con-
veyor that moves the first sequence of totes along the first
aisle away from the first guided vehicle along the first
horizontal tote path and a second horizontal tote conveyor
that is parallel to and moves totes in an opposite direction to
the first horizontal tote conveyor that moves a second
sequence of totes away from the first guided vehicle to a
second end of the first aisle on a second horizontal tote path
that is parallel to first horizontal tote path, and the apparatus
further includes: a second vertical tote-conveyor system
operatively coupled to the first guided vehicle and config-
ured to convey vertically each tote of the second sequence
of totes to a plurality of vertical locations, wherein each of
the plurality of locations of the second vertical tote-con-
veyor system is at a different height relative to the first
guided vehicle so that a picker sequentially picks items to be
picked from the plurality of bins and stows the picked items
in the second sequence of totes, wherein the first horizontal
tote-conveyor system moves the second sequence of totes
away from the first guided vehicle to a second end of the first
aisle.

In some embodiments of the apparatus, a plurality of bins
is located along at least a first side of a second aisle, wherein
the first guided vehicle is configured to move to the second
aisle, and the apparatus further includes: a second horizontal
tote-conveyor system positioned along a second horizontal
tote path that runs parallel to the first side of the second aisle,
wherein the horizontal tote-conveyor system moves a third
sequence of totes to the first guided vehicle in the second
aisle, wherein the first vertical tote-conveyor system is
configured to convey vertically each tote of the third
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sequence of totes to a plurality of vertical locations, wherein
each of the plurality of locations of the first vertical tote-
conveyor system is at a different height relative to the first
guided vehicle such that items selected from the plurality of
bins on the second aisle are placed in the third sequence of
totes.

Some embodiments of the apparatus further include a
collection-and-shipping system configured to collect the first
sequence of totes and take the picked items from the first
sequence of totes and place the picked items into shipping
containers for shipment to customers.

It is to be understood that the above description is
intended to be illustrative, and not restrictive. Although
numerous characteristics and advantages of various embodi-
ments as described herein have been set forth in the fore-
going description, together with details of the structure and
function of various embodiments, many other embodiments
and changes to details will be apparent to those of skill in the
art upon reviewing the above description. The scope of the
invention should be, therefore, determined with reference to
the appended claims, along with the full scope of equivalents
to which such claims are entitled. In the appended claims,
the terms “including” and “in which” are used as the
plain-English equivalents of the respective terms “compris-
ing” and “wherein,” respectively. Moreover, the terms “first,
” “second,” and “third,” etc., are used merely as labels, and
are not intended to impose numerical requirements on their
objects.

What is claimed is:

1. A method for order fulfillment, the method comprising:

storing items in bins located along at least a first side of

a first aisle;

moving a first guided vehicle horizontally along the first

aisle;

sequentially conveying, along a first horizontal tote path

that runs parallel to the first side of the first aisle, each
individual tote of a first sequence of totes moving to the
first guided vehicle;
conveying vertically each tote of the first sequence of
totes to a plurality of vertical locations, each of the
plurality of locations being at different heights next to
the first guided vehicle, wherein the first sequence of
totes includes a first tote and a second tote, wherein the
conveying vertically includes moving the second tote
from a first vertical location of the plurality of vertical
locations to a second vertical location of the plurality of
vertical locations while the first tote remains stationary;

sequentially picking items to be picked from the bins and
stowing the picked items in the first sequence of totes;

conveying horizontally, along the first aisle, the first
sequence of totes moving away from the first guided
vehicle to an end of the first aisle; and

collecting the picked items from the first sequence of totes

into shipping containers for shipment to customers.

2. The method of claim 1, wherein the first guided vehicle
carries a human operator picker, and wherein the sequential
picking of items from the bins is performed by the human
picker, the method further comprising:

moving horizontally the first guided vehicle to a first

selected horizontal location along the first aisle and
moving vertically a first selected tote of the plurality of
totes to a first selected one of a plurality of different tote
heights, such that the first selected tote is next to a first
selected bin; and

moving vertically the human picker to a first selected one

of a plurality of different picker heights such that the
human picker is next to the first selected tote and the
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first selected bin so that the human picker picks a first
selected item from the first selected bin and places the
first selected item into the first selected tote.

3. The method of claim 1, wherein the first guided vehicle
carries a robotic picker, and wherein the sequential picking
of'items from the bins is performed by the robotic picker, the
method further comprising:

moving horizontally the first guided vehicle to a first
selected horizontal location along the first aisle and
moving vertically a first selected tote of the plurality of
totes to a first selected one of a plurality of different tote
heights, such that the first selected tote is next to a first
selected bin; and

moving vertically the robotic picker to a first selected one
of a plurality of different picker heights such that the
robotic picker is next to the first selected tote and the
first selected bin so that the robotic picker picks a first
selected item from the first selected bin and places the
first selected item into the first selected tote.

4. The method of claim 1, wherein the conveying hori-
zontally of the first sequence of totes to the first guided
vehicle and the conveying horizontally of the first sequence
of totes from the first guided vehicle to the end of the first
aisle are performed on parallel horizontal tote paths, wherein
the totes moving towards the first guided vehicle and the
totes moving away from the first guided vehicle are moving
in opposite horizontal directions.

5. The method of claim 1, wherein the conveying hori-
zontally along the first aisle of the first sequence of totes to
the first guided vehicle and the conveying horizontally of the
first sequence of totes from the first guided vehicle are both
performed on a first horizontal tote path moving in a single
horizontal direction from a first end of the first aisle to a
second end of the first aisle, the method further comprising:

conveying horizontally a second sequence of totes on a
second horizontal tote path along the first aisle to the
first guided vehicle from the second end of the first
aisle;

conveying vertically each tote of the second sequence of
totes to a plurality of vertical locations, each of the
plurality of locations being at different heights next to
the first guided vehicle;

sequentially picking items to be picked from the bins and
stowing the picked items in the second sequence of
totes; and

conveying horizontally the second sequence of totes on
the second horizontal tote path from the first guided
vehicle to the first end of the first aisle.

6. An apparatus for order fulfillment from stored items in

a plurality of bins located along at least a first side of a first
aisle, the apparatus comprising:

a first guided vehicle configured to move horizontally
along the first aisle;

a first horizontal tote-conveyor system positioned along a
first horizontal tote path that runs parallel to the first
side of the first aisle, wherein the horizontal tote-
conveyor system sequentially moves each individual
tote of a first sequence of totes to the first guided
vehicle;

a first vertical tote-conveyor system operatively coupled
to the first guided vehicle and configured to convey
vertically each tote of the first sequence of totes to a
plurality of vertical locations, wherein each of the
plurality of vertical locations of the first vertical tote-
conveyor system is at a different height relative to the
first guided vehicle, wherein the first sequence of totes
includes a first tote and a second tote, wherein the first
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vertical tote-conveyor system is further configured to
move the second tote from a first vertical location of the
plurality of vertical locations to a second vertical
location of the plurality of vertical locations while the
first tote remains stationary; and

a first picker platform operatively coupled to the first
guided vehicle and configured to moves to one of a
plurality of vertical positions to facilitate the movement
of picked items from the plurality of bins to stow in the
first sequence of totes wherein the first horizontal
tote-conveyor system moves the first sequence of totes
away from the first guided vehicle to a first end of the
first aisle.

7. The apparatus of claim 6, wherein the first guided
vehicle is configured to carry a human operator picker, and
wherein the human picker sequentially picks items from the
plurality of plurality of bins and stows the picked items in
the first sequence of totes, the apparatus comprising:

a horizontal vehicle-motion system operatively coupled to
the first guided vehicle and configured to move the first
guided vehicle to a first selected horizontal location
along the first aisle, wherein the first vertical tote-
conveyor system moves a first selected tote of the
plurality of totes vertically to a first selected one of a
plurality of different tote heights, such that the first
selected tote is next to a first selected bin; and

a first vertical picker-motion system operatively coupled
to the first guided vehicle and configured to move the
human picker vertically to a first selected one of a
plurality of different picker heights such that the human
picker is next to the first selected tote and the first
selected bin to pick a first selected item from the first
selected bin and place the first selected item into the
first selected tote.

8. The apparatus of claim 6, further comprising:

a robotic picker operatively coupled to the first guided
vehicle and configured to sequentially pick items from
the plurality of bins;

a horizontal vehicle-motion system operatively coupled to
the first guided vehicle and configured to move the first
guided vehicle horizontally to a first selected horizontal
location along the first aisle, wherein the first vertical
conveyor system moves a first selected tote of the
plurality of totes vertically to a first selected one of a
plurality of different tote heights, such that the first
selected tote is next to a first selected bin; and

avertical picker-motion system operatively coupled to the
first guided vehicle and configured to move the robotic
picker to a first selected one of a plurality of different
picker heights such that the first selected to the robotic
picker is next to the first selected tote and the first
selected bin so that the robotic picker picks a first
selected item from the first selected bin and places the
first selected item into the first selected tote.

9. The apparatus of claim 6, wherein the first horizontal
tote-conveyor system includes a plurality of parallel hori-
zontal tote paths, wherein the first sequence of totes moves
towards the first guided vehicle on a first one of the plurality
of parallel horizontal tote paths and the first sequence of
totes move away from the first guided vehicle on a second
one of the plurality of parallel horizontal tote paths in
opposite horizontal directions.

10. The apparatus of claim 6, wherein the first horizontal
tote-conveyor system includes a plurality of parallel hori-
zontal tote paths, wherein the first sequence of totes move
towards the first guided vehicle on a first one of the plurality
of parallel horizontal tote paths and the first sequence of
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totes move away from the first guided vehicle on a second
one of the plurality of parallel horizontal tote paths in
opposite horizontal directions from and to a first end of the
first aisle, wherein the first horizontal tote-conveyor system
is configured to convey horizontally a second sequence of
totes to the first guided vehicle from a second end of the first
aisle; and wherein the apparatus further includes:

a second vertical tote-conveyor system operatively
coupled to the first guided vehicle and configured to
convey vertically each tote of the second sequence of
totes to a plurality of vertical locations, wherein each of
the plurality of locations on the second vertical tote-
conveyor system is at a different height relative to the
first guided vehicle, wherein items are sequentially
picked from the plurality of bins and stowed in the
second sequence of totes, and wherein the first hori-
zontal tote-conveyor system conveys the second
sequence of totes horizontally from the first guided
vehicle to a second end of the first aisle.

11. The apparatus of claim 6, wherein the first horizontal

tote-conveyor system includes a first horizontal tote path,
wherein the first sequence of totes move towards the first
guided vehicle on the first horizontal tote path from a
first end of the first aisle, and the first sequence of totes
move away from the first guided vehicle on the first
horizontal tote path towards a second end of the first
aisle,

wherein the first horizontal tote-conveyor system is con-
figured to convey horizontally a second sequence of
totes to the first guided vehicle on a second horizontal
path from the second end of the first aisle, and the
second sequence of totes move away from the first
guided vehicle on the second horizontal tote path
towards the first end of the first aisle; the apparatus
further including:

a second vertical tote conveyor system operatively
coupled to the first guided vehicle and configured to
move each tote of the second sequence of totes verti-
cally to a plurality of vertical locations, each of the
plurality of locations being at different heights next to
the first guided vehicle such that each respective
selected tote of the second sequence of totes is next to
a respective selected bin of the plurality of bins at
successive time periods to facilitate the pick of a
selected item from the respective selected bin and stow
of the selected item into the respective selected tote to
form a loaded tote, and wherein the first horizontal
tote-conveyor system horizontally conveys the second
sequence of totes on the second horizontal tote path
from the first guided vehicle to the first end of the first
aisle.

12. The apparatus of claim 6, wherein the first horizontal
tote-conveyor system has a single horizontal tote path on
which the first sequence of totes is horizontally conveyed to
the first guided vehicle and on which of the first sequence of
totes are horizontally conveyed from the first guided vehicle
to the end of the aisle in a single horizontal direction.

13. The apparatus of claim 6, wherein the first vertical
tote-conveyor system includes a mechanism that moves
totes along a first upward vertical tote path and a mechanism
that moves totes along a first downward vertical tote path in
opposite vertical directions, the apparatus further including:

a horizontal tote-transfer mechanism operatively coupled
to the first guided vehicle and configured to move the
first sequence of totes between the first upward vertical
tote path and the first downward vertical tote path.
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14. The apparatus of claim 6, wherein the first horizontal
tote-conveyor system has a single horizontal tote path on
which the first sequence of totes is horizontally conveyed to
the first guided vehicle and on which of the first sequence of
totes are horizontally conveyed from the first guided vehicle
to the end of the aisle in a single horizontal direction; and
wherein the first vertical tote-conveyor system vertically
conveys each tote to each of the plurality of vertical loca-
tions is along a first upward vertical tote path and along a
first downward vertical tote path, the apparatus further
including:

a horizontal tote-transfer mechanism operatively coupled
to the first guided vehicle and configured to move the
first sequence of totes between the first upward vertical
tote path and the first downward vertical tote path.

15. The apparatus of claim 6, wherein the first horizontal
tote-conveyor system includes a first horizontal tote con-
veyor that moves the first sequence of totes along the first
aisle away from the first guided vehicle along the first
horizontal tote path and a second horizontal tote conveyor
that is parallel to and moves totes in an opposite direction to
the first horizontal tote conveyor that moves a second
sequence of totes away from the first guided vehicle to a
second end of the first aisle on a second horizontal tote path
that, and wherein the apparatus further includes:

a lower support operatively coupled to the first guided
vehicle to support the first guided vehicle from below
only between the first horizontal tote conveyor and the
second horizontal tote conveyor along a first vehicle
ground path;

an upper support operatively coupled to the first guided
vehicle to support the first guided vehicle from above
on at least a first upper track, wherein the first upper
track is parallel to the first vehicle ground path; and

a motion device operatively coupled to the first guided
vehicle to move the first guided vehicle successively to
a plurality of different horizontal locations along the
first vehicle ground path.

16. The apparatus of claim 6, wherein the first horizontal
tote-conveyor system includes a first horizontal tote con-
veyor that moves the first sequence of totes along the first
aisle away from the first guided vehicle along the first
horizontal tote path and a second horizontal tote conveyor
that is parallel to and moves totes in an opposite direction to
the first horizontal tote conveyor that moves a second
sequence of totes away from the first guided vehicle to a
second end of the first aisle on a second horizontal tote path
that is parallel to first horizontal tote path, and wherein the
apparatus further includes:

a second vertical tote-conveyor system operatively
coupled to the first guided vehicle and configured to
convey vertically each tote of the second sequence of
totes to a plurality of vertical locations, wherein each of
the plurality of locations of the second vertical tote-
conveyor system is at a different height relative to the
first guided vehicle so that a picker sequentially picks
items to be picked from the plurality of bins and stows
the picked items in the second sequence of totes,
wherein the first horizontal tote-conveyor system
moves the second sequence of totes away from the first
guided vehicle to a second end of the first aisle.

17. The apparatus of claim 6, wherein a plurality of bins
is located along at least a first side of a second aisle, wherein
the first guided vehicle is configured to move to the second
aisle, and wherein the apparatus further includes:

a second horizontal tote-conveyor system positioned

along a second horizontal tote path that runs parallel to
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the first side of the second aisle, wherein the horizontal
tote-conveyor system moves a third sequence of totes
to the first guided vehicle in the second aisle, wherein
the first vertical tote-conveyor system is configured to
convey vertically each tote of the third sequence of
totes to a plurality of vertical locations, wherein each of
the plurality of locations of the first vertical tote-
conveyor system is at a different height relative to the
first guided vehicle such that items selected from the
plurality of bins on the second aisle are placed in the
third sequence of totes.

18. The apparatus of claim 6, further comprising:

a collection-and-shipping system configured to collect the
first sequence of totes and take the picked items from
the first sequence of totes and place the picked items
into shipping containers for shipment to customers.

19. An apparatus comprising:

an automatically guided vehicle (AGV) that carries a
human picker within a safety cage coupled to the AGV;
and

a holder attached to the AGV, wherein the holder holds a
plurality of totes, wherein the holder includes a first
vertical tote-conveyor system operatively coupled to
the AGV and configured to convey vertically each tote
of the plurality of totes to a plurality of vertical loca-
tions, wherein each of the plurality of vertical locations
of the first vertical tote-conveyor system is at a different
height relative to the AGV, wherein the plurality of
totes includes a first tote and a second tote, wherein the
first vertical tote-conveyor system is further configured
to move the second tote from a first vertical location of
the plurality of vertical locations to a second vertical
location of the plurality of vertical locations while the
first tote remains stationary, wherein the AGV moves to
a successive plurality of inventory stock bins so the
human picker successively retrieves each of a plurality
of stock items from the stock bins and places the
respective items in preselected ones of the plurality of
totes based on a customer shipment order.

20. An apparatus for order fulfillment from stored items in
a plurality of bins located along at least a first side of a first
aisle, the apparatus comprising:

a first guided vehicle configured to move horizontally

along the first aisle;

a first horizontal tote-conveyor system positioned along a
first horizontal tote path that runs parallel to the first
side of the first aisle, wherein the horizontal tote-
conveyor system moves a first sequence of totes to the
first guided vehicle;

a first vertical tote-conveyor system operatively coupled
to the first guided vehicle and configured to convey
vertically each tote of the first sequence of totes to a
plurality of vertical locations, wherein each of the
plurality of locations of the first vertical tote-conveyor
system is at a different height relative to the first guided
vehicle;

a first picker platform operatively coupled to the first
guided vehicle and configured to moves to one of a
plurality of vertical positions to facilitate the movement
of picked items from the plurality of bins to stow in the
first sequence of totes; wherein the first horizontal
tote-conveyor system moves the first sequence of totes
away from the first guided vehicle to a first end of the
first aisle;

a second vertical tote-conveyor system operatively
coupled to the first guided vehicle and configured to
convey vertically each tote of the first sequence of totes



US 11,142,399 B2
73

to a plurality of vertical locations, wherein each of the
plurality of locations of the second vertical tote-con-
veyor system is at a different height relative to the first
guided vehicle; and

a horizontal tote-transfer mechanism operatively coupled 5
to the first guided vehicle and configured to move each
tote of the first sequence of totes between the first
vertical tote-conveyor system and the second vertical
tote-conveyor system, wherein the first sequence of
totes includes a first tote and a second tote, wherein the 10
first vertical tote-conveyor system is further configured
to move the second tote from a first vertical location of
the plurality of vertical locations to a second vertical
location of the plurality of vertical locations while the
first tote remains vertically stationary at a third vertical 15
location on the second vertical tote-conveyor system.
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